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INTRODUCTION 
The environmental pollution can be defined as an undesirable or 
deleterious modification of the environment. The modification may 
potentially influence human life, living condition, cultural asserts of the 
life cycle of the indigenous plant and animal communities that inhabit a 
given system. The environmental pollution take place through changes in 
energy patterns, radiation levels, physical and chemical constitution and 
abundance of organism. Environmental pollution is closely associated 
with human problem such as maintenance of renewable sources, 
geological hazards i.e. floods, earthquakes, landslides etc. indiscriminate 
consumption of fertilizers, pesticides in agriculture and other natural 
pollution hazards. 
The existence of animals and plants life on earth depends primarily 
on water. Two third of earth is covered by water, of which 97.2% is in the 
form of seawater. The groundwater which is major source of drinking 
water for over six billion people dwelling on this earth, constitute only 
0.61% of all the available water resources. 
The developmental activity of human being with time led to 
establishment of industries around the water resources, which in turn 
attracted more population. As a result of this cycle, water resources 
becoming exhausted. India has been gifted with substantial water 
resources population explosion and industrialization has enhanced the 
demand of water significantly. Consequently to meet this increase in 
demands, continual development of new source of water for irrigation, 
hydropower, domestic and industrial supply is needed. Water being the 
most vital resources for kinds of life on this planet. This resource has 
been adversely affected by all kinds of human activities on land, in air or 
in water. 
With the declared objectives of providing at least the basic 
amenities, there has been a tremendous development in India in the 
agriculture and industrial sector, with concomitant pressure on fresh 
water. Because of this development, groundwater utilization has 
increased immensely for irrigation, domestic and industrial purposes. 
Groundwater, like any other resources is likely to become scares if its use 
is not properly regulated. Over exploitation and unrestricted development 
of groundwater have resulted in the depletion of water levels, failure of 
abstraction structures and deterioration of groundwater quality. 
The rapid pace of urbanization, industrialization as well as 
agricultural activities have made environmental pollution a growing 
concern globally. 
The most important cause of groundwater pollution is unplanned 
urban development without adequate attention to sewage and waste 
disposal. Indiscriminate disposal of both hazardous and non hazardous 
industrial water has further aggravated problem associated with water 
resource for drinking and irrigation. The deterioration of groundwater 
quality due to industrial effluents in the study area is a live example. The 
waste generated by anthropogenic activities has not only polluted the 
environment as a whole but had a particular detrimental effect on quality 
of aquato-envision too. 
Agriculture is a major cause of habitat loss, eutrophication, 
extensive water use, release of nutrients, trace elements and pesticides 
and agro-waste production. Though agriculture demands good 
environmental quality with regard to water and climatic condition, 
intensification of agriculture is mainly responsible for the direct pollution 
of groundwater. Deterioration in the quality of subsurface water, 
especially in the agricultural area is a matter of great concern as it may 
slowly affect the agricultural production in quantity and quality. This 
necessitate the needs to have comprehensive look on the characteristics of 
pollution such as extent of deterioration, its effect in neighbouring areas 
etc. in the groundwater system, which would go a long way in identifying 
remedial measures in a given area. The organic fuel burned at thermal 
power house contains harmful impurities, which are ejected into the 
environments as gaseous and solid components of combustion products 
and adversely affect the atmosphere, water and whole biosphere. 
Thermal power stations which uses thousand of tones of low 
quality (high ash content) coal per day and other industries have 
completely changed the nature and socio-economic order of the region. 
Tall chimney emits a cloud of dust with fly ash and smoke containing 
high level of acid forming oxide of sulpher and toxic fluorides and huge 
quantity of highly toxic cement particles which find easy foothold on 
plant leaves which effect human lungs. Infact the clean air, clean water, 
abundant fuel wood, fruit and timber, trees, grazing lands have been 
deteriorated, due to pollution from thermal power plant. 
A fact finding committee, constituted by ministry of energy, 
Government of India, in its report 1987 cleary mentioned that the thermal 
power station and other industries are involved in concurrent 
environmental degradation by blowing thick smoke from the chimney 
and generation of dust. These industries causing air, soil and water 
pollution significantly. 
Total capacity of independent India's power plant has increased by 
more than 30 times, but development is accompanied by some form of 
pollution which threatens not only animals and plants life but existence of 
human race. There have been disasters of great dimension such as leakage 
or infection of lethal gases like CO2, water molecules, SO2, SO3 
anhydride and ash (leachates). The thermal power plant of Kasimpur 
town situated in Aligarh distt. has been selected to find out the 
contamination of water and its impact on groundwater quality in the 
vicinity of the Ganga canal command areas. 
Location of study area: Study area is one of the most agriculturally 
developed belt of Ganga-Yamuna Doab and forms a part of Kali-Sengar 
Ganga sub basin around Kasimpur town. The area lies in Morthal pargana 
of Koil Tehsil in Aligarh district of U.P. The study area is located 16 km. 
in the north east of Aligarh city between 27°5'N and 28°3'N latitude and 
78°8'E and 78°53'E longitude. The study area lies in Jawan-Sikandarpur 
block in koil Tehsil of district Aligarh and covers an area of 312 sq.km. 
Aims and Objectives: The Harduaganj Thermal Power Plant project is 
one of t he major plants of Western Uttar Pradesh, and located in 
Kasimpur town of Aligarh district on the bank of Upper Ganga Canal 
which is running in NE to SW direction. The complex consists of three 
power station namely A,B,C (Ci & C2) having a capacity 90 MW, 210 
MW, 230 MW respectively. Whole power plant runs on bituminous coal 
which on combustion produces noxious gases, liquid and solid wastes, 
chief pollutants are particulate matter, gases such as SO2, NO2 and large 
amount of liquid waste discharge in Upper Ganga Canal after cooling and 
regular process. The liquid base also carries very fine grained coal ash 
and other organic substances which percolate into shallow aquifer thereby 
polluting groundwater. 
Previous work: Human activities are deriving many natural system 
beyond critical threshold of stability, posing serious economic 
consequence and direct threat to the earth's future habitability. 
It is now evident that the atmospheric pollution causes a serious set 
back into the normal function and structure of given world involving 
most of the individual (Rao 1971, Leeblack & Rao 1975, Tourangeau et 
al. 1977, Furguson and Lee 1980, Lai & Ambasht 1980, Johnson 1980, 
Raza and Bano 1981, Volmer et al. 1982, Carson 1983, Murthy and 
Anuradh 1984). 
Recently it is noted the effluent of the thermal power complex 
released into the atmosphere have been found to affect some of the timber 
trees (Khan 1982, Ghose et al. 1984 a,b) vegetable crops (Amani and 
Ghose, 1978, Gupta 1981) and various localities (Amani et al. 1979, 
Amani, 1982, Ghose and Khan 1983, 1984) have also been noted in 
certain weeds thriving in the vicinity of the power plant in late sixties. 
The study area has also been studied by G.S.L and C.G.W.B. The seepage 
from Upper Ganga Canal led the water logging condition are observed in 
the study area. 
Methodology: The following methodology will be adopted for M.Phil, 
dissertation. 
1. Hydro geological mapping of area and delineation of aquifer 
system. 
2. Monitoring of water table in pre and post monsoon period. 
3. Aquifer system and its characteristics. 
4. Assessment of Ground water potential. 
5. Recharge of ground water by different sources. 
6. Graphical presentation of hydro meteorological data during last 
five years such as wind velocity, rainfall, evapotranspiration, 
sunshine and temperature. 
7. Environmental Aspects survey, total annual coal consumption and 
electricity generation from thermal power plant during last few 
decades. 
8. Various gases such as NO2, CO2, SO2, discharged into the 
atmosphere from Harduaganj thermal power station. 
9. Chemical analysis of surface and subsurface water for quality 
assessment and pollution abatement. 
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HARDUAGANJ THERMAL POWER STATION: A 
SOURCE OF POLLUTION 
The cooperation between India and Soviet Union begun in the field of 
energy in 1957. During the 1960's and 1970's the U.S.S.R. assisted to India 
in building 16 power projects having a total capacities of about 35,00,000 
KW among the H.T.P.S. is chosen for present study. 
Harduaganj Thermal Power Station, consists of the three major 
thermal power plant of U.P., is located in Kasimpur of district Aligarh on the 
bank of Uppar Ganga canal which is running in the NW to SE direction. The 
complex consist of three power station namely A, B, C capacity of 90 MW, 
210 MW and 230 MW electricity generation respectively. 
The whole thermal power plant complex runs as bituminous coal 
transported from various calories of North India. Chemically the coal having 
2.93% moisture 22.17 ash, 31.86% volatile matters including 48%) sulphur, 
5.61%) hydrogen, 5.23%) nitrogen, 20.3% oxygen and 42.47% fixed carbon. 
Table 4 and 5 Shows the data on the average annual coal consumption 
i.e. came to about 3,45,466 metric tone for plant-B and plant-C consume 
447917.9 metric tone. All the power plant having average total amount of 
coal consumption 569424.9 metric tone. Table (4 and 5) shows that 
maximum coal is consumed in different years followed by different season. 
Figure 2; Dumping Waste NA/ater Canal 
Figure 3; Meeting Point Of Dumping Waste Water And Upper Ganga Canal 
Figure 4; View Of Coal Yard in Power Plant 
Figure 5; Electricity Distribution Along With Upper Ganga Canal 
Figure 6; Side View Of Upper Ganga Canal 
Figure 7; View Of Cooling Tower in Thermal Power Plant 
Figure 8(aj, View Of Fly Ash Pond 
Figure 8(b); View Of Fly Ash Pond 
Figure 8(c); View Of Fly Ash Pond 
Figure 8(d); View Of Fly Ash Pond 
I 
Figure 9; A Channel Of Waste Material Extracted By Power Plant 
Figure 10; View Of Meeting Point Of Dumping V\faste Canal And Upper Ganga Canal 
The eleven year data on annual coal consumption and electricity 
generation and demineralized water. Among eleven year data on coal 
consumption in 1992-93 shows the maximum consumption of coal i.e. 
5,01,439 metric tone in plant 'B' while plant "C" consumed maximum in 
90-91 i.e. 9,20,309 metric tone. Plant B shows the maximum electricity 
generation during the year 1997-98 i.e. 462.484 mega unit while plant ' C 
having a maximum generation of electricity of about 569.689 mega unit. 
When such a huge amount of bituminous coal is subjected to very 
high temperature (1200-1400"C) for its combustion produce noxious gases, 
particulate matters and ash, which are released through the chimney into the 
atmosphere. 
Table 2 shows the amount of CO2, SO2, NO2 in kg/h and ppm/h 
released from the point source i.e. thermal power plant project in different 
months and source of the present study area. 
The thermal power plant complex of Kasimpur has been selected as 
source of pollution in the present work. From the table 4 and 5 reveals that a 
huge amount of coal, burned in the thermal power plant daily average 38 
metric tone result releasing a huge amount of smoke and other poisonous 
gases i.e. SO2, NO2 and CO2 to the atmosphere. 
10 
A large amount of liquid wastes also discharged in the Upper Ganga 
canal after coating and recycling process. The liquid waste also carry very 
fined grained of coal ash and other inorganic substances. 
The ash remaining after combustion of coal in thermal power house in 
the study area which is composed of inorganic solids, mostly, clays which 
are washed into the surface water bodies of the area, coal ash contains 
numerous chemical impurities, including water and toxic heavy metal (lead, 
cadmium etc.) many of these elements go up to stock and entered in air 
during the burning of coal and contribute air pollution. 
The total amount of coal burned in thermal power plant discharged a 
huge amount of noxious gases in to the atmosphere like SO2, NO2 and CO2 
among them SO2 being at first warms tends to rise and quickly diffused 
through the atmosphere possibly ascending to the base of the stratosphere 
sooner or later it dissolved in water to form sulphurous acid which by 
oxidation terms to sulphuric acid, then washed out of the air in rain i.e. 'acid 
rain' rainfall (pH 5.1 to 6.1) recorded in May 2001. 
The acid water contain many carbonic and sulphuric contents 
infiltrates into the groundwater and by leaching it reaches to the shallow 
aquifer and affect the water quality and soil condition of the study area. 
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PHYSIOGRAPHY AND LAND USE PATTERN 
The study area by and large is flat and forms a part of Ganga 
Yamuna Doab. The average elevation of the area is about 187 m. The 
general slope of land surface is southwards. The area is almost flat with 
pronounced undulation in the vicinity of the river courses or near the sand 
bars scattered in the central part created water logging condition at some 
places. Physiographically, the study area is divided into three distinct unit 
viz. kali khaddar, eastern upland and central depression. 
Kali khaddar: Along the right bank of kali river on the eastern part of 
study area, there is a narrow strip of khaddar, comprising loam to sandy 
loam. 
Eastern upland: High sand and deposition on the bank of kali river 
about the kali khaddar, merges in to a rich tract of loam fully irrigated 
extended upto a westward towards upper ganga canal. Patches of sandy 
soil are common in the tract of eastern upland locally known as 'Bhur' 
having the general slop 0.28m/km. 
Central depression: A broad depression towards the western side of 
upper ganga canal continuing from NW to SE roughly bounded by upper 
ganga canal one side and G.T. road on other. The central depression in 
north which crosses the upper ganga canal covers the Barauli and 
surrounded areas. 
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The study area has a poor drainage system characterized by heavy 
clay soil. The most important river of the study area are Kali and Sengar, 
flow from North to South and further change their course towards S.E. 
The kali river along the border of the area are perennial in nature due to 
surplus water from the Ganga canal. 
The Sengar is a tributary of Yamuna river, flows to south through 
the study are then attains a south easterly flow afterwards. The sengar 
during summer season becomes dry, but during monsoon season it attains 
a great dimensions. 
Being agriculturally rich, the study area covers the total area of 
31118 hectares, nearly 70% of area used for cultivation purpose of which 
nearly 75% of area is sown more than once. The study area has a vast 
irrigation system through canal, state tube wells, private tube wells, ponds 
etc. Of the total irrigated area of 20370 ha, 64,52%) of the area is being 
irrigated through ground water source and remaining through canals. Usar 
and banana lands covers 9.25%). 
The latest land use pattern of the study area around Harduaganj 
Thermal Power Plant of Koil Tehsil Distt. Aligarh in (hectares) during 
1998-1999. 
Area In Hectares 
- Cultivated waste land 574 
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- Forest 
- Present fallow land 
- Other fallow land 
- Barren cultivated land 
- Land upper non cultivated use 
- Pastures 
- Land under miscellaneous trace 
and grooves 
- Net area sown 
- Area sown more than once 
Soil Characteristics 
277 
1056 
1468 
3488 
2720 
282 
156 
21097 
14659 
Soil type of block Jawan: The word soil has been derived from the Latin 
"solum" which refers to uncemented granular materials naturally 
occurring loose or soft deposit overlying the solid bed rock which is 
produced by physical and chemical disintegration of rock which may 
contain organic matters. 
The soil survey in and around Kasimpur was carried out by 
department of Agriculture of U.P. in 1953. Agrawal and Malhotra, 1953 
have reported three types of soil in district Aligarh. 
Soil type physiographic unit: 
1. Sand loam to clayey loam Central depression 
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2. Loam to clayey loam Eastern upland 
3. Loam to sandy loam Kali khaddar 
Loam to clayey loam: The study area covered by sand loam to clayey 
type of soil, lying waste to sandy tract along the right bank of kali river 
which extended westwards to upper ganga canal. 
Texture of soil is important is geohydrology and subsurface 
drainage problem. 
Table-9: ClassiHcation of soil type 
Classification 
soil type 
Soil phase Traits Kasimpur soil 
Aligarh loam 
Aligarh clayey 
loam 
Aligarh clay 
Aligarh loam 
(Halomorphic) 
Concentration 
sequoxides 
(Ca+Mg: Al) 
Lime 
Soluble salt 
Magnesia 
PH 
Clay 
Drainage 
Profile 
development 
Colour 
Mature 
Ash grey dark 
grey to black 
Kankar high 
more illustration 
High more at 
bottom 
High 
Less than time 
7.6 to 8.6 
No migration 
maximum at 
surface 
Very poor 
Source: Soil Survey Department, Aligarh 
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It is a soil characteristics which has general relationship with 
hydraulic conductivity and water retention sticky soil and loam in nature 
lies to depth 2 to 6 m from the surface with a very high pH value and very 
poor drainage system. The soil of this region is ash grey in colour, 
becoming black and moist. The tract is underlain by thick band of kankar 
occurring in most cases in the form of nodules which at places cemented 
together forming a stiff in penetrable layer at the bottom. The semi 
pervious nature of loam soil allows to seepage from the Ganga canal bed 
into shallow, aquifers causing soil salinization and water logging. The 
sodium salt get deposited on the surface in the form of reh, which is 
reported in the area west of upper Ganga canal. The soil is alkaline in 
nature comprising the well known usar tract of the district. Aligarh. 
The texture of soil in the study area shows varying proportion of 
sand, silt and clay. 
Sand 
Sih 
Clay 
50% 
30% 
20% 
The above mechanical analysis show that the soil of the study area 
are loam in texture. 
Vegetation: Almost entire area is covered with alluvial deposits with rich 
soil nutrient yielding annual harvest crops like rice, wheat, paddy, 
sugarcane, maize, jwar, bajra, millets etc. on the bank of upper Ganga 
canal. Grassland vegetation are abundant in the study area. 
CkcLpte^/^ ^ 
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GEOLOGY 
The study area forms a part of kali sengar of the central Ganga 
alluvial plain. It is underlain by recent alluvium consist chiefly of beds of 
clay, silt, sand and gravel of quaternary age. 
The Ganga basin is the most extensive in the area and comprises 
more than half of the total Indo-gangatic plain. The plain is drained by 
river Ganga and its tributaries. 
The western margin of the basin is limited by the middle 
Proterozoic Delhi Hardwar ridge and the eastern margin by the Monghyr-
Saharsa ridge of Satpura Metamorphics. To the north the ganga basin is 
limited by outer most Siwalik foot hills of the Himalayas bounded by 
series of reverse faults. Along the southern fringes of the basin 
Bundelkhand granite, Delhi and Upper Vindhyan group of rocks are 
exposed. 
The Uttar Pradesh and Bihar plains lying between Delhi Hardwar 
and Monghyr-Saharsa subsurface ridges, the Vindhyans of the peninsular 
shield can be followed up to foothills into Sarda and Gandak depression 
(Karuna Karan et al. 1976). The Ganga basin represents a large scale 
regional depression on the northern margin of the Indian plateform and is 
considered as super order crustal structure of negative character most 
probably forming a northerly cotinuation of Vindhyan Synclines (Sastri, 
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1971). The deep bore hole data obtained from Ujhani, Tilhar and 
Puranpur suggest the northward continuation of Upper Vindhyan 
sediments into Ganga Basin. 
Origin of Ganga Basin: 
As regard the origin of Ganga basin, various shades of views are 
there, some of which are as follows. 
It was interpreted to be a foredeep (Suess 1904-1924) or a great rift 
valley (Burard, 1915), filled up with alluvium of thickness 4.5 km 
(Oldham 1917) to 20 km (Pascoe, 1964). 
According to Krishnan (1968), the Indo-Gangatic alluvial trough is 
a region whose origin and structure are closely connected with the 
formation of Himalayas. He suggested that the Gangetic plains owe its 
origin to a sag or depression which has been formed by buckling down of 
the crust in obedience to pressure exerted on the borders of the peninsula 
by compressive force. Valdia (1982) interpreted, it as a resultant effect of 
sagging of the northern flank of plateform around the bundelkhand shield 
following the main episode of Himalayas orogeny. The depressed 
platform became the site of sedimentation of vigorous fluvial agencies 
predominantly from the newly risen Himalayas. 
Canser (1964) has emphasized that the Ganga basin in front of the 
Himalayas does not represent a sediment fdled fore deep but the 
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depressed part of the peninsular shield which is in all like hood, faulted 
against the outer Himalayan front. 
According Dickenson (1974) major sedimentary basins developed 
between fold-thrust belt and the craton, over which the mountain belt is 
thrust. "We call these basins fore-land basisn, rather than fore deeps" 
(Miall, 1981; Bally, 1981). Fore-land basin are asymmetrical, and deepest 
near to the fold thrust belt; they migrate towards the fore-land and have 
resulted from down-ward flexturing of the lithosphere by over riding fold 
thrust belt (Beaumount, 1981). 
Dickenson (1974) considers the Indo-Gangatic trough as the most 
impressive. The present day peripheral for-land basin formed as a result 
of continent-continent collision between Indian and Asian plates. The 
basin has developed on the under thrust Indian plate and due to loading of 
thrust sheets in Himalayas causing a viscoelastic flexture in the crust 
allowing sediments to accumulate under fluvial process. 
According to Singh (1989) Gangetic plain is a part of active fore-
land basin (Peripheral type) developed on the under thrusting Indian 
plate, in response to thrust fold belt loading in Himalayas. Further Singh 
and Ghose (1988) and Singh (1989) opined that during thrust-fold loading 
tectonics in the Himalayas the Sarda-Narmada lineament much to the 
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south of the fore-land basin was reactivated, causing uplift of 
Bundelkhand-Vindhyan plateau and development of northerly slope. 
The rate of subsidence of the old, rigid and cold crust of Indian 
shield was also low and sediment input by rivers high, so that no marine 
transgression of Neogene-Quatemary time could enter into this fore-land 
basin. The deep drilling data of the O.N.G.C is contrary to this view of 
Singh, as the deposits of Neogene sediments are reported from all over 
the Ganga basin (Shastri, 1971; Rao, 1973). 
Tectonic framework of Ganga Basin: 
Tectonically Ganga basin may be divided into the following 
subdivisions. 
(1) Monghyr-Saharsa Ridge 
(2) East Uttar Pradesh Shelf 
(3) Gandak Depression 
(4) Faizabad Ridge 
(5) West Uttar Pradesh Shelf 
(6) Kasganj-Tanakpur Spur 
(7) Ram Ganga Depression 
(8) Delhi-Hardwar Ridge 
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1. Monghyr-Saharsa Ridge: 
It trends in north west direction and denotes the sub-terranean 
continuation of Satpura orogenic belt of Chhota-Nagpur plateau. It marks 
the eastern bounding limit of the Ganga basin. 
2. East Uttar Pradesh Shelf: 
It is delineated by Morghyr-Saharsa Ridge to the east and Faizabad 
Ridge to its west. The outcropping Vindhyan of Sar valley and the 
granitic basement form the southern border of this zone. 
This shelf merges to the north into the Gandak depression. The 
basement is assumed to be the continuation of the Bundelkhand massif, 
overlain successively by Vindhyan, Neogene and Quaternary alluvial 
sequences. A major north easterly trending fault, with a down throw to 
the south-east is traced from near Saharsum in south west through 
Muzaffarpur upto Nepal border. It is probably northward extension of 
Narmada-Sar Lineament (Srivastava, 1983). 
3. Gandak Depression: 
This depression is bounded to the west by Faizabad Ridge and to 
the east by Monghyr-Saharsa Ridge. Here the thickness of sediment is 
considered more than 6000 metres. 
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4. Faizabad Ridge: 
The Bundelkhand massif occupies tlie central part of the Vindhyan 
Basin. The north eastern extension of this massif in the sub-surface is 
known as the Faizabad ridge. This ridge has played a significant role 
during the deposition of the Vindhyan sediments. 
Further the distribution of the Vindhyan sediments east and west of 
this ridge in the Ganga basin shows that the ridge has been positive area 
throughout the sedimentation during vindhyan dividing the basin into the 
eastern and western shelf (Srivastava et al., 1983). 
5. West Uttar Pradesh Shelf: 
Western Uttar Pradesh Shelf may be divided into two sub-
divisions, namely, the area to the east of the Moradabad fault and the area 
west of it. The eastern part of West Uttar Pradesh shelf which lies 
between Moradabad fault and western flank of Bundelkhand massif is 
one of the most well studied area of the Ganga basin. Not only magnitude 
of ground magnetic, gravity and detailed reflection and refraction seismic 
surveys are more, but the area has been explored by two deep and four 
structural wells by the ONGC.The drilling data show that the upper 
Vindhyan directly overlies the Bundelkhand granite which is intum 
overlain by Neogene sequence that is Siwaliks. Further, the upper 
Siwaliks is overlain by the Quaternary alluvium. 
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The west Uttar Pradesh shelf is traversed by the Great Boundary 
fault, which separate Aravallis from the upper Vindhyans. This fault is a 
steep dipping reverse fault with a throw of 1500 m towards south east, 
traceable for more than 500 km from Chittorgarh to Agra with a NE-SW 
direction in the northern part, becoming almost N-S in the southern part, 
along the arcuate eastern flank of Aravalli folded belt. The great 
boundary fault continues north eastwards and joins the Badaun fault and 
further extends to Tanakpur close to Himalayan foot hills. 
The Moradabad fault which also trends in NW-SW is considered to 
be an offshore of the Great Boundary fault besides these longitudinal 
fault various transverse faults of varying ages are also found to impress 
upon the stratigraphic sequences, some of these may be the resultant of 
the most violent third phase of the Himalayans orogeny. 
In the western Uttar Pradesh shelf, the basement and sedimentary 
cover of Upper Vindhyan and Neogene (Siwalik_, were cris-crossed by 
the longitudinal and transverse faults, generating thereby an uneven 
configuration of the surface topography. 
Sarda depression: 
It represents the northern part of the West Uttar Pradesh shelf 
which is tectonically distinguished on the basis of inferred sedimentary 
thickness of more than 6000 m and by NW-SE trending structures. The 
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large thickness of sediments in this depression may include partly the 
Mesozoic and Paleogene besides the Vindhyan Neogene and Quaternary 
Alluvium (Shastri et al., 1971). 
Delhi-Hardwar Ridge: 
It represents a north-north eastward extension of Delhi folded belt. 
The western limit of Ganga basin is probably delimited by Delhi-Hardwar 
Ridge and the oldest sedimentary sequence in the basin namely upper-
Vindhyans, gradually thin out towards this ridge. 
Kasganj-Tanakpur Spur: 
It is northern extension of the Badaun arch in the Ganga basin. This 
spur marks the eastern limit of Aravalli horst. Eastern edge of this spur 
coincides with the subsurface extension of the Great Boundary fault 
(Raiverman et al., 1983) of Rajasthan which separates the Aravalli rocks 
from the Vindhyans. 
Cka.pte^f' 5 
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HYDROGEOLOGY 
Ganga Basin forms one of the most potential ground water 
provinces of India (Pathalc, 1978) of wliich Uttar Pradesh forms an 
important part. The state of Uttar Pradesh has been divided into five 
hydrological unit viz. Intermontane valley fills, Piedmont or Bhabar zone, 
Tarai zone, Central Ganga plains and southern marginal plains. These 
hydrological units form the great repository of ground water and hold 
most potential aquifer in the state. 
Intermontane valley: 
"Doon valley" is most prominent intermontane valley in the state 
which is spindle shaped tectonic valley stretching along the central part of 
Dehradun distrct and bordered by lesser Himalayas in the north and 
siwalik range in the south. The valley is underlain by unconsolidated 
sediments comprising boulders, pebbles, cobbles and gravels of various 
sizes with intercalations of sands of various grades and little clay. Ground 
water in the valley generally occur under the water table and only at 
places under confined conditions. The static water level in the tube wells 
ranges from 22 m to 76 m below the land surface and discharge 180 mVh 
draw with down varying from 0.7 to 8.4 m. 
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Bhabar: 
The Bhabar belt stretches parallel to the Himalayan foot hills 
towards south upto the spring line. The general width of belt ranges from 
10 to 30 km. The Bhabar belt is composed of piedmont deposits formed 
by lateral coalescence of fan deposits of innumerable streams emerging 
out of the Himalayas. 
Lithologically it comprises boulder, cobbles, pebbles and gravels 
mixed with sand. Ground water in these deposits over under mostly 
unconfmed condition and water table is generally deep being 30 m or 
more below land surface. Perched water bodies are of common 
occurrence. 
The discharge tube well varies from 97 to 227 m /h for draw down 
varying between 2.7 and 9.7 m. The hydraulic conductivity ranges 
between 15 and 250 m/day. 
Tarai and wetland zone: 
The deep water table at the foot, hills cuts the land surface and 
gives rise to the series of springs hence this zone is called as wet land 
zone or Tarai zone. The spring line defines the northern limit of Tarai, 
while its southern limit imperceptibly merges with the central Ganga 
plain. This is about 8-16 kms wide and runs parallel to bhabar zone. The 
belt is characteristic by predominant clayey sediments with intercalated 
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beds of sands and gravels with frequent free flowing condition. The 
peizometric head in the flowing well in this zone varied between 6.60 and 
8.90 m above the ground level. 
Central Ganga Plain: 
Southern limit of central Ganga basin is fixed by Yamuna and its 
confluence with Ganga stretching from west-north to east-south. This 
zone covers major parts of the state encompassing the Ganga Yamuna 
interfluves and contains several potential aquifer down to the bed rock. 
The Quaternary alluvium consist of gravel and sand of various grades, 
silt, clay often intercalated with the calcareous concretions in varying 
proportions. The aquifers are generally lenticular in nature and there are 
rapid alteration and gradation between granular and clayey horizons. 
Ground water occurs under. It may be unconfmed condition at shallow 
depth while deeper aquifer generally contains water under semi-confined 
condition. 
Marginal alluvial plains: 
This sub-zone lies between central Ganga plains and region 
occupied by Bundelkhand granite and Vindhyan group of rocks. 
Alluvium with its limited thickness is composed of clay mixed calcareous 
concretions, silt and sand of various grades with occasional gravels. 
Ground water in this belt occurs under unconfined to confined conditions. 
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The peizometric surface in the tube well generally ranges from flowing 
conditions to 26 m below ground level. The discharge of tube wells varies 
between 60 and 240 m /^h for draw down from 3 to 16 meters. The study 
area, block Jawan is a part of central Ganga plain. 
Evolution of Aquifers: 
The evolution of aquifers in fluvial system is dependent upon the 
hydrodynamic of the flow regime, geology and topography of the terrain, 
leading to terrigeneous elastic deposition system which are typically 
represented as the channel, flood plain and back swamp deposits. 
Channel Deposits: 
The typical channel deposits of the river ganga as observed in the 
study area from bottom upwards comprise coarse sand mixed with gravel 
through medium to fme sand to silt and finally capped by a thin clay 
layers which are washed away during the succeeding flood period and a 
fresh body of sand with the fining upwards sequence deposited again 
each year during the flood, forming thereby reasonably thick terrigeneous 
elastic deposits till the river changes its course due to some tectonic 
control through convulsions. These thick bodies of sand form the most 
potential repositories of ground water. 
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Flood Plain Deposits: 
During the flood season when the flood water overflows the bank, 
medium to fine sand bodies of moderate thickness and limited arid extend 
are deposited over the flood plain. These lenticular bodies of sand forms 
the moderately potential aquifers in comparison to the highly potential 
aquifers of channel deposits. 
Back Swamp Deposits or Oxbow Lake Deposits: 
The flood water, further moves down the slop, to the low lying 
areas where it is left predominantly with the suspended materials which 
get settled under the influence of gravity and form a lensoid body of sand 
which is further overlain by still finer elastic i.e. clay. Thus there occur 
enclaves of sand bodies intercalated within the underlying thick clay 
beds. Such bodies of sand forms a low potential aquifers. These aquifer 
are typically representatives of back swamps environment or ox bow lake 
environment. 
Thereafter the river changes its course under tectonic control 
through convulsion or some other factor like earthquake etc. Thus with 
the passage of time, the position of channel, flood plain and back swamp 
deposit also continue changing that is why we do not get continuous body 
of sand and clay except under certain extraordinary situation in the single 
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drill hole. The above lithological variations are attributed to their mode of 
deposition by the constantly shifting nature of the river Ganga. 
The Ganga fluvial system, which has generated various aquifers in 
the area are as under: 
(a) The channel deposits are thick bodies of aquifers of infinite 
areal extent; hence form most potential ground water reservoir. 
(b) Flood plain deposits giving rise to the lenticular type of 
aquifers, limited in thickness and areal extent are only 
moderately potential. 
(c) Lensoid bodies of sand occurring as enclaves or stringers within 
the thick clay beds generally form the low potential aquifers 
often with the quality problem. 
The complexes of the channel, flood plain and back swamp facies 
reappear several times in a well drilled at places in the area. The 
terrigeneous clastic deposition system of the river Ganga in an index of 
its complex hydrodynamic regimes generated various aquifer in great 
Ganga plain. 
Aquifer System: 
The sub surface geological cross section shows that in the study 
area there occurs three tier aquifer system down to 157 m depth below 
ground level. The aquifers appear merges with each other and behave as a 
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single bodied aquifer system. About 62% of total formation mainly 
comprises medium to fine grained micaceous sand, occasionally mixed 
with coarse sand and gravels in the central part. Eastern and south west 
portion of the formation comprise thick clay beds. 
On the basis of study of the bore hole data and hydrogeological 
properties, the aquifer system of the area can be divided as follows. 
Shallow Aquifers: 
Shallow aquifers consisting of fine to medium grained micaceous 
sand occurs within a depth of 50 meters from land surface. The aquifers 
generally separated locally by semiconsolidated to unconsolidated 
depending upon the thickness and composition of overlying clay beds. 
Water is taped by hand pumps, open well and shallow tube wells mainly 
for domestic use. Heavy withdrawal of ground water for different 
purposes has resulted in declining trend of water level in the study area. 
These shallow tube wells show 25 to 50 mVh discharge at a nominal draw 
down of 3.2 to 4.5 meters. The general depth of tube wells ranges 
between 30 and 40 mbgl. 
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TabIe-10: Groundwater level 2000 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
Jawan 
Nagola 
Kasimpur (dist.) 
Kasimpur (canal) 
Chaupur 
Khushadgarhi 
Talib Nagar 
Rampur 
Satha 
Kasimpur (Gaon) 
Bajidpur 
Bhojpur 
Tejpur 
Suriayl 
Chhalesar 
Ismailpur 
Memri 
Kanaura 
Kalyanpur 
Premonsoon 
1.71 
3.1 
2.75 
3.9 
3.7 
3.8 
3.2 
4.1 
3.6 
4.2 
5.4 
5.1 
3.75 
6.7 
5.8 
7.3 
10.6 
7.8 
7.1 
Postmonsoon 
1.29 
2.90 
2.10 
3.40 
3.10 
3.40 
2.98 
3.68 
2.89 
3.90 
4.80 
4.28 
3.10 
5.60 
5.10 
6.90 
9.83 
6.97 
6.35 
Fluctuates 
0.42 
0.2 
0.65 
0.5 
0.6 
0.4 
0.22 
0.42 
0.71 
0.3 
0.6 
0.82 
0.65 
1.1 
0.7 
0.4 
0.77 
0.83 
0.55 
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20. Kazimpur 
21. Godha 
22. Sunamai 
23. Aurhia 
24. Barauli 
25. Khurdkhera 
26. Gaonri 
27. Pratappur 
28. Kherupura 
29. Chherat 
30. Amrauli 
31. Sumerpur 
32. Piploth 
33 Gokulpur 
6.56 
6.82 
6.6 
4.1 
3.2 
2.50 
10.7 
7.4 
6.2 
7.1 
8.2 
9.3 
8.2 
7.2 
6.00 
6.35 
5.90 
3.85 
2.95 
2.14 
10.30 
6.80 
5.80 
6.90 
7.8 
8.8 
7.7 
6.8 
0.56 
0.47 
0.7 
0.25 
0.25 
0.36 
0.4 
0.6 
0.4 
0.2 
0.4 
0.5 
0.5 
0.4 
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Table-11: Groundwater level 2001 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
Jawan 
Nagola 
Kasimpur (dist.) 
Kasimpur (canal) 
Chaupur 
Khushadgarhi 
Talib Nagar 
Rampur 
Satha 
Kasimpur (Gaon) 
Bajidpur 
Bhojpur 
Tejpur 
Suriayl 
Chhalesar 
Ismailpur 
Memri 
Kanaura 
Premonsoon 
1.76 
3.15 
2.6 
3.8 
3.8 
4.1 
3.4 
4.2 
3.5 
3.7 
5.65 
5.23 
3.81 
6.9 
5.6 
7.1 
10.1 
7.9 
Postmonsoon 
1.32 
2.76 
2.2 
2.3 
3.5 
3.8 
2.9 
3.75 
3.1 
3.3 
5.1 
4.8 
3.2 
6.2 
5.1 
6.7 
9.65 
7.2 
Fluctuates 
0.44 
0.39 
0.4 
0.5 
0.3 
0.3 
0.5 
0.45 
0.4 
0.4 
0.55 
0.43 
0.61 
0.7 
0.5 
0.4 
0.45 
0.7 
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19. Kalyanpur 
20. Kazimpur 
21. Godha 
22. Sunamai 
23. Aurhia 
24. Barauli 
25. Khurdkhera 
26. Gaonri 
27. Pratappur 
28. Kherupura 
29. Chherat 
30. Amrauli 
31. Sumerpur 
32. Piploth 
33 Gokulpur 
7.4 
6.8 
6.8 
6.5 
4.2 
3.35 
2.65 
10.3 
7.65 
6.45 
7.3 
8.1 
9.0 
7.9 
7.2 
6.85 
6.1 
6.2 
5.85 
3.85 
2.95 
2.15 
9.38 
7.26 
6.16 
7.0 
7.82 
8.35 
7.35 
6.82 
0.55 
0.7 
0.6 
0.65 
0.35 
0.4 
0.5 
0.92 
0.39 
0.29 
0.3 
0.38 
0.65 
0.55 
0.38 
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Deeper Aquifers: 
The deeper aquifers consisting mainly of medium to coarse sand 
often mixed with kankar occurs within a depth of 50 to 157 meters below 
the ground level. The lateral and vertical extent of deeper aquifers finally 
merge with each other and behave as a single bodied aquifer system. The 
deep tube wells generally tape aquifers lying in the depth range of 65 to 
150 m below the ground level. The bore hole data show that these 
aquifers are semiconfined to confined in nature (Dutt, 1969). 
Depth to water level: 
The elevation of atmospheric pressure on the aquifer and hydraulic 
gradient of the area indicated by the ground water level of an unconfined 
aquifers or the peizometric surface of the confined aquifers. The depth to 
water level map have been prepared on the basis of the field observation 
of static water level in the shallow level for pre-monsoon (May (2000) 
and post-monsoon (Nov. 2000) period and pre-monsoon (2001) and post-
monsoon (2001) period respectively. In the pre-monsoon (2000) period 
depth to water level varies from between 1.71 m b.g.l. to 10.7 meter b.g.l. 
and in post-monsoon (2000) period, 1.29 m to 10.3 m b.g.l. In the pre-
monsoon (2001) period, depth to water level varies from 1.76 m b.g.l. to 
10.3 m b.g.l. and in post-monsoon (2001) period, 1.32 m b.g.l. to 9.65 m 
b.g.l. The deepest water levels 10.7 m and 10.3 m were recorded in 
s 
I 
44 
eastern upland close to right bank of Kali river. The shallowest water 
level was observed at the eastern upland and central depression junction, 
close to upper Ganga canal. The western flank of upper Ganga canal 
forming a part of central depression shows the general depth of water 
level variation from 6-8 meter b.g.l. The area adjacent to upper Ganga 
feeder canal shows the water level ranging 2 to 5 meter b.g.l. It is clearly 
shows the effect of excessive seepage from unlined upper Ganga canal 
into shallow aquifers of the study area. 
Water level fluctuation: 
The ground water level fluctuation is a function of time and space 
in response to precipitation changes in ground water storage resulting 
from difference between supply and withdrawal of water. Variation of 
stream stages and evapotranspiration causes level to change alternative 
series of wet and dry period in which the rainfall is above or below the 
mean will produce long period of fluctuation of ground water levels. 
The Fig. 17a shows the difference in pre-monsoon and post-
monsoon water level that is called as water level fluctuation. In general, 
the water level fluctuates between 0.2 and 0.83 meter in 2000 and from 
0.3 to 0.92 meter in 2001. The magnitude of fluctuation, of course, 
depends upon the quantities of water recharge and discharge. A fully 
developed aquifers have greater range than only partially developed. The 
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beginning and end of irrigation season viz. September shows higher water 
levels and June show lowest ground water levels. 
Ground water movement: 
Ground water moves very slowly in aquifer under differential head. 
All the perennial streams are generally contribution from ground water. A 
ground water basin filled and the excess amount of water is discharged by 
several ways until a quasi-equilibrium is reached. 
For the pre and post-monsoon periods, water levels contour map is 
prepared (Fig. 17b) at one meter contour interval by taking the altitude of 
water level with respect to mean sea level that are used in deciphering the 
ground water flow direction, hydraulic gradient, the area of recharge and 
discharge, the ground water and river relation. Todd, D.K. (1980) stated 
that in water table contour maps, convex contours indicate the area of 
ground water recharge and the concave contour indicate the area of 
ground water discharge. The general direction of ground water flows is 
form northwest to southeast with some variation due to local factors. 
Two major direction of ground water flow in the area is marked. In 
the western part of area, the ground water flow is from north to south 
while eastern parts the nature of ground water from west to east towards 
the Kali river with steep hydraulic gradient as 3 m/km. 
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At the bank of Upper Ganga canal, in the north western part of the 
study area, there is a ground water mound and another mound is also 
found in south east part of the area adjacent to upper Ganga canal. Due to 
excessive seepage of surface water in shallow aquifers of area, the ground 
water trough has been developed in southwest part of the area. It might be 
due to the excess population of shallow and deep tube wells for large 
scale ground water development in the study area. 
CkoLptet*' 6 
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HYDRO-METEOROLOGY 
Hydro-meteorological parameters are essential in understanding the 
atmospheric processes, which affect the water resource on earth. 
Hydrometeorology is largely concerned with the project that 
involves the control, conservation and the use of water especially for 
irrigation purpose and projects like flood control, hydroelectric power 
development, navigation, drainage, domestic and industrial water and 
recreation, determination of maximum storms that can occur in the area 
World Meteorological Organization (1963), states that hydrometeorology 
is concerned with the atmospheric and land phase of hydrologic cycle 
(i.e. water is transported in air over the land and below the earth surface) 
with the emphasis of interrelationship involved. 
The course of hydrogeological cycle in the particular geographical 
region is primarily governed by the prevailing climatic situation. The 
total availability of water is directly dependent on the amount of 
precipitation and thus an independent variable which govern the 
hydrologic process. Similarly the amount of losses from the region to 
atmosphere through evaporation and transpiration, is again subject to the 
various prevailing climatic condition like temperature, humidity, wind 
velocity, sunshine etc. 
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The study area covers an area of 312 km^ where thermal power 
plant complex of Kasimpur is selected as a source of pollution in the 
present work. Hydrometeorological data have been collected during 
previous year from this catchment area to find out the affect of these 
parameters on groundwater quality. These parameters also contributed to 
increase the poUutional level in the canal as well as surface water 
irrigation system. 
Temperature: 
The sun is a single noteworthy source of heat for earth atmosphere, 
and temperature is a fundamental weather element. The irregular disposal 
of sun's energy responses the air temperature to show wide variation and 
these variations in turn cause weather changes. 
The study area experiences extreme weather condition i.e. very 
cold in winter and very hot in summer due to its geographical location. 
The distribution of temperature in different season in study area is as 
follows. 
Winter season: 
The beginning of winter season is marked by a considerable fall in 
temperature. The mean maximum temperature in the year 2000 falls from 
27.3°C in Nov, 20T in Dec, 19.8^0 in Jan and 22.3"C in Feb. while 
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average minimum temperature fails from 12.3°C in Nov, 10.2°C in Dec, 
7.9°C in Jan. and 12.3°C in Feb. 
The mean maximum temperature in 2001 falls from 26.1 in Nov, 
21.1°C in Dec. 20.2°C in Jan. and 23.4°C in Feb. while minimum 
temperature fall from 12°C in Nov, 10.2°C in Dec, 7.9°C in Jan and 
12.3°CinFeb. 
The mean annual temperature for different years shows that the 
diurnal range of temperature varies significantly. However, highest 
temperature during winter season reaches up to 29.6°C in Nov., 1996 
while lowest temperature reaches up to 6.3°C in 1996. 
Summer Season: 
The summer season is marked by an appreciable rise in 
temperature. The temperature starts rising gradually from March reaches 
a maximum in June. Due to wide range of temperature during the month 
of summer season, the days are warm to hot and nights are pleasant in the 
study area. The month wise variation in temperature is small (Fig.). 
The maximum and minimum temperature are 29.5°C and 16.2, 
March 36.2°C and 20.6°C, in April 40.3°C and 28.1°C in May and 39.2''C 
and 27.3°C in June during 2000. While in 2001, the maximum and 
minimum temperature are 30.rC and 13.4''C, in March are 35.3°C and 
50 
19.6°C, in April are 40.8''C and 27.5 in May and 4\3°C and 25.6°C in 
June (Table ). 
Monsoon Season: 
With the arrival of humid oceanic currents, the atmospheric 
temperature falls. The variation in daily range of temperature during July 
to October is small. The average maximum and minimum temperature in 
2000 falls from 33.27°C to 23.85°C and in 2001, from 34.3°C to 23.55°C. 
Relative Humidity: 
It is important to determine of the amount and rate of 
evapotranspiration, hence it is a critical climatic factor in the rates of 
moisture and temperature loss by plant and animal including human 
beings. Relative humidity is always expressed in the form of ratio, 
fraction, or percentage. It represents the amount of water vapour actually 
present in the air (absolute humidity) compared with the maximum that 
could be contained under condition of saturation at the given temperature 
and pressure. Air is said to be saturated if relative humidity reaches 
100%. 
The seasonal distribution of relative humidity varies with latitude. 
Average humidity is higher in monsoon than in winter. The diurnal 
variation in relative humidity is generally reverse of the temperature with 
maximum occurring in the early morning and minimum in afternoon. 
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Figure 20(a); Total and Average Atmospheric Pressure in Six Years 
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Atmospheric Pressure 
All the forms of life including man are little affected directly by the 
slight pressure changes, which occurs at the surface of the earth. The 
changes in pressure have important physiographic consequences. A minor 
change in pressure acts to change the velocity and direction of winds and 
this in turn brings about changes in temperature and precipitation which 
together largely determine the character of weather and climate. 
Wind: 
The wind is extremely important regulator of atmosphere. Wind of 
high velocity may be destructive, directly affects the rate of 
evapotranspiration and is important element in controlling sensible 
temperature. 
Wind direction and velocity: 
The wind is always named by the direction from which they came. 
Wind velocity varies greatly with distance above the ground. Change is 
particularly rapid at low elevation. 
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Wind is not steady current but it is made up of a succession of gust and 
lulls of variable direction close to the earth. Gust is caused by 
irregularities of the surface which creates eddies. Large irregularities in 
the wind are caused by conventional currents. All forms of turbulence are 
important in the process of transporative heat, moisture and dust (ash) in 
the upper air. Wind serves two very fundamental climatic functions. 
(a) Through the transpiration of heat from the lower to the higher 
latitudes, winds are principal agent in maintaining the heat balance 
of the earth inspite of an unbalanced condition of radiation between 
low and high latitudes. 
(b) Winds provide the landmasses with the necessary moisture supply 
for precipitation. Kasimpur and surrounding areas have a dry and 
tropical monsoon type of climatic with seasonal rhythm marked by 
the northeast to southwest monsoon. The prevailing winds in 
winter are westerly to north westerlies. 
Winter season: 
The winter season characterised by the dry winds. The maximum 
blow of wind in the direction of west to northwest to south and south east. 
The wind during this season are light and blow at an average speed of 
about 7 km/h. The winds are dry of continental origin 
57 
Summer Season: 
The hot dry winds blowing particularly in the month of May with 
high velocity is a regular phenomena in the study area. The velocity of 
winds begins to increase steady from March when an average wind speed 
is about 6.8 km/h and reaches maximum 8.7 km/h in June. The wind 
speed rapidly increases from 8:00 a.m. to 1:00 p.m. causing the wind to 
blow almost with the force of gale during next 2-3 hours. Then falls 
rapidly by 6 km and remains usually calm during night. 
The study area also experiences the frequent dust and thunderstorm 
in the afternoon in summer days. The wind velocity reaches 50-60 km/h 
with the advancement of season, the frequency and strength of such 
storms increase. 
The monsoon/rain season: 
The monsoon advances in the study area by the end of the last 
week of June and withdraws by the 3'^ '* week of September. Heat waves is 
frequent occurrence during the month of June in present study area. The 
prevailing surface winds generally from easterly direction. Occasional 
dust storm also affects the area during the month of June. The average 
speed during the season 6 km/h. 
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Rainfall: 
It is possible for ascending air to reach and passes somewhat 
beyond the condensation level with a resulting formation of clouds and 
still yield no precipitation, cloudy, condensation, probably does not 
occurs without at least a slight degree of super-saturation. As relative 
humidity exceed 100% condensation remains slow only the largest nuclei 
will be activated but its condensation is increased then additional and 
small nuclei will collect condensation. Thus condensation take place 
around almost innumerable hygroscopic nuclei so that the individual 
clouds particle are too small to fall on earth as rain. When droplets have a 
tendency to coalesce & thereby become so heavy that they cannot be kept 
a float, the clouds are unstable, precipitation is secure. 
The Kasimpur and surrounded area of Aligarh district falls under 
the general climatic classification normally referred as a tropical rainy 
climate. The eastern part of present study area receives about 900 m.m. 
rainfall and western part of area receives 600 mm. This shows that 
rainfall decreases from east to west in the study area. As per data of last 
10 years recorded at Aligarh observatory shows, that the mean average 
annual rainfall in the area is 760 mm. About 82% of annual rainfall over 
Annual Rainfall in cm at Aligarh Raingauge Station 
Figure 22(a); Rainfall in Eleven Year 
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the study area occurs during southwest monsoon while 8% is received in 
winters during passes of western disturbance across the north latitude. 
DISTRIBUTION OF RAINFALL: 
Winter season (November to February) - The rainfall during the 
season in the study area is associated with the passage of low pressure 
system called western disturbances which crosses the north latitude and is 
generally more in month of January to February. Clouds and precipitation 
belt are seen from west to east. The average rainfall contribution to 
annual rainfall during the period is 8%. The rainfall during the season is 
sporadic and irregular. 
Summer season - This season sometimes called pre-monsoon period. 
The rainfall during the season is essentially in the form of thunderstorm 
and sometimes accompanied by hails. However, as the season advanced, 
the thunderstorm actively increased but hail storm frequently decreases. 
The rains are rare, sporadic and highly variable in the study area. 
Monsoon season - The sky is generally overcast in the season. The time 
of the onset and retreat of the monsoon varies from the end of last week 
of June and withdraw by the third week of September. About 82% of total 
annual rainfall in the area occurs during this season. It is understood that 
precipitation is the primary source of fresh water available for utilization 
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by mankind in the form of river, lakes and storage underground etc. The 
area is essentially agricultural tract so rainfall is most important of 
weather element. Even though the area generally receives good rainfall, 
its spatial and seasonal distribution is quite uneven. Further year-to-year 
variation in the total amount of rainfall is very significant. In many years 
the rainfall is low and sometimes appreciably above normal. 
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Mean rainfall 
i F x ^ 7600 ^ j^Q 
2F 10 
Median M 
L+n/2-C 
xlOO 
= 700+ — X 100 
2 
= 700 + 0.5x100 
= 750 mm. 
Standard deviation 
ZFCX-X)2 
N 
2259000 
V 10 
= 475.29 
Coefficient of variation 
^^ xlOO 
Mean 
475.29 
760 
= 62.54% 
XlOO 
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Rainfall variation: Rainfall is well known variable both in space and 
time. Year to year sequence of total annual rainfall show considerable 
fluctuation. Annual rainfall and its standard deviation are 760 mm and 
475.29 mm respectively. The rainfall mainly occurs during July to 
October and about 82% of annual rainfall is confined during this period. 
Contribution of winter rainfall (November-December) is only 10% of the 
annual rainfall. The highest amount of rainfall (1145 mm) has been 
recorded in 2001 whereas the lowest rainfall, was 407.8 in 1992. The 
mean annual rainfall over the area has estimated 760 mm. 
T^u or • 4. £• • ..• /-. Standardeviation .^^ 
The coefficient of variation. Cv = x 100 
Mean 
As a measure of variation, the variability of rainfall in study area is 
depicted as above is 62.54% in the area. 
Mean rainfall = 760 mm 
Median = 750 
Standard deviation = 475.29 
Coefficient of variation = 62.54% 
Evaporation & Evapotranspiration: Evaporation is the process of 
conversion of water or ice into aqueous vapour. The main natural surface 
from which evaporation occurs are sea, rivers, lakes tends, orchard, 
forest, perennial vegetation and soil surface bars and crops. The 
Potential Evapotranspiration (Thorn waits in nnm) 
Figure 23(a); Potential Evapotranspiration in Six Years 
Figure 23(a); Total and Average Potential Evapotranspiration in Six Years 
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evaporation loss through the plant etc. is called transpiration while the 
combine loss from the plants and surrounding soil surface is jointly called 
evapotranspiration. If supply of water is unlimited, loss of water in the 
form of evaporation and transpiration is termed as potential 
evapotranspiration (ETP) and depends upon atmospheric condition. 
The concept of evapotranspiration, firstly formulated by 
Thornthwaite, is widely used in various field of study like water balance 
and irrigation assessment etc. In present study regression equation 
developed by Murthy et al. is used for estimation of daily potential 
Evapotranspiration rate in the area. 
The process of evaporation from the soil is not continuous 
phenomenon but depends upon the availability of moisture in the soil. 
After the moisture content in a soil reduces to yielding point (Near-zero 
field capacity), the rate of evaporation becomes negligible. In study area, 
soil is usually completely wet and water is freely available. 
To meet the requirement, the empirical relation developed by 
Murthy et al. which required only screen temperature and radiation data 
seen to be very suitable and was employed, for estimating daily potential 
Evapotranspiration rates. This method envisages two- regression 
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equation, which are appropriate for the period June to September and 
other for the period October to May. 
The equations respectively are as follows: 
Y = -5.22 + 0.1626x1 + 0.2476x2 + 0.0028Q 
Y = -5.45 + 0.1649X, - 0.0054x2 + 0.0061Q 
Where Y = potential evapotranspiration in mm/day. 
X| = Daily max temp of air in °C 
X2 = Daily range of temperature in °C 
and Q = Solar radiation received at the top of the atmosphere in 
Cv/day. 
These equations were employed to work out daily potential 
evapotranspiration by using average monthly max and min temperature 
and solar radiation data in respect of observatory of study area. Daily 
potential evapotranspiration value were got calculated with the empirical 
relation i.e. regression equation developed by Murthy et al. The values 
required for computation of PET were obtained from Table (Table daily 
solar radiation at top of the atmosphere cal/cm2/ day pp.33) Hydrology 
by Dr. P. Jaya Rani Reddy 1986 for appropriate latitude in respect of 
observatory. 
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Year 1996: 
The regression equation developed by Murthy et al. for period of 
June to September has been followed: 
Y = -5.22 + 0.1626X, + 0.2476x2 + 0.0028Q 
June 
Y = -5.22 + 0.1626x41 + 0.2476x30 + 0.0028x1007 
-5.22 + 6.666 + 7.428 + 2.819 
11.69 cm 
11.69x10= 116.9mm 
July 
Y = -5.22 + 0.1626x33 + 0.2476x25 + 0.0028x00-
-5.22 + 5.365 + 6.19 + 2.772 
6.107 cm 
6.107x10 = 61 m m 
Aug. 
Y = -5.22 + 0.1626x32 + 0.2476x24 + 0.0028x970 
-5.22 + 5.203 + 5.942 + 2.716 
8.64 cm 
8.64x10 = 86 mm 
September 
Y = -5.22 + 0.1626x34 + 0.2476x24 + 0.0028x800 
69 
-5.22 + 5.528 + 5.942 + 2.24 
8.49 cm 
8.49x10 mm =10 mm 
For period October to May the regression equation 
October 
Y = -5.45 + I649xi - 0.0054x2 + 0.0061Q 
-5.45 + 5.442-0.103 + 4.331 
-5.55 + 9.773 
4.22 cm 
4.22x10 = 42 mm 
November 
Y = -5.45 + 0.1649x29 - 0.0054x12 + 0.0061x640 
-5.45 + 4.782 - 0.065 + 3.904 
-5.515 + 8.686 
3.171cm 
3.171x10 = 31 mm 
December 
Y = -5.45 + 0.1649x22-0.0054x7 + 0.0061x540 
-5.45 + 3.627-0.038 + 3.294 
-5.48+ 6.921 = 1.44 cm 
1.44x10 = 14 mm 
January 
70 
Y -5.45 + 0.1649x21 - 0.054x7 + 0.0061x580 
-5.45 + 3.462-0.038 + 3.538 
-5.48 + 7 
9.512 cm 
1.51x10 = 15 m m 
February 
Y -5.45 + 0.1649x24 - 0.0054x10 + 0.0061x720 
-5.45 + 3.957-0.054 + 4.392 
-5.50 + 8.349 
2.84 cm 
2.84x10 = 28 mm 
March 
Y -5.45 + 0.1649x31 - 0.0054x15 + 0.0061x840 
-5.45 + 5.112-0.081 + 5.124 
•5.53 + 10.236 
4.70 cm 
4.70x10 = 47 mm 
April 
Y 
-5.45 + 0.1649x38 - 0.0054x22 + 0.0061x910 
-5.45 + 6.267-0.119 + 5.551 
71 
-5.569+11.818 
6.24 cm 
6.24x10 = 62 mm 
May 
Y = -5.45 + 0.1649x41-0.0054x24 + 0.0061x1009 
-5.45 + 6.76-0.1296 + 6.155 
-5.58+12.915 
7.33 cm 
— 
Year 1997: 
June 
Y 
7.33x10 = = 73 mm 
-5.22 + 0.1626x,-
-5.22 + 0.1626x41 + 0.2476x28 + 0.0028x1007 
-5.22 + 6.666 + 6.932 + 2.819 
11.19cm 
11.19x10= 111 m m 
July 
Y = -5.22 + 0.1626x36 + 0.2476x26 + 0.0028x990 
-5.22 + 5.853 + 6.437 + 2.772 
-5.22+15.062 
9.842 cm 
72 
9.84x10 = 98 mm 
August 
Y = -5.22 + 0.1626x33 + 0.2476x24 + 0.0028x970 
-5.22 + 5.365 + 5.942 + 2.716 
-5.22+14.023 
8.80 cm 
8.80x10 = 88 mm 
September 
Y = -5.22 + 0.1626x34 + 0.2476x26 + 0.0028x800 
-5.22 + 5.528 + 6.437 + 2.24 
8.98 cm 
8.98x10 = 89 mm 
For period of October to May the regression equation. 
Y = -5.45+ 0.1649x1-0.0054x2+ 0.0061Q 
October 
-5.45 + 0.1649x30 - 0.0054x23 + 0.0061x710 
-5.45 + 4.947-0.124 + 4.33 
-5.574 + 9.278 
3.70 cm 
3.70x10 = 37 m m 
73 
November 
•5.45 + 0.1649x28 - 0.0054x17 + 0.0061x640 
-5.45 + 4.617 = 0.092 + 3.904 
-5.542 + 8.521 
2.979 cm 
2.98x10 = 29 mm 
December 
Y •5.45 + 0.1649x23-0.0054x11+0.0061x540 
January 
February 
-5.45 + 3.793-0.059 + 3.294 
-5.51+7.087 
1.58 cm 
1.58x10= 15 mm 
-5.45 + 0.1649x19 - 0.0054x7 + 0.0061x580 
-5.45 + 3.133 = 0.038 + 3.538 
-5.488 + 6.671 
1.18 cm 
1.18x10=11 mm 
Y 
-5.45 + 0.1649x20-0.0054x8 + 0.0061x720 
-5.45 + 3.298-0.043 + 4.392 
74 
-5.49 + 7.69 
= 2.2 cm 
2.2x10 = 22 mm 
March 
Y = -5.45 + 0.1649x28-0.0054x14 + 0.0061x840 
-5.45 + 4.617-0.075 + 5.124 
-5.52 + 9.741 
4.21 cm 
4.21x10 = 42 mm 
April 
Y = -5.45 + 0.6149x39-0.0054x22 + 0.0061x910 
-5.45 + 6.431-0.118 + 5.51 
-5.56+11.941 
6.38 cm 
6.38x10 = 63 mm 
May 
Y = -5.45 + 0.1649x40-0.0054x28 + 0.0061x1009 
-5.45 + 6.596-0.151 + 6.155 
-5.60+12.751 
= 7.15 cm 
7.15x10 = 71 mm 
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1998: 
June 
Y = -5.22+ 0.1626x, +0.2476x2+ 0.0028Q 
-5.22 + 6.829 + 6.685 + 2.819 
-5.22+16.33 
11.11 cm =11.1x10 =111mm 
July 
August 
-5.22 + 0.1626x38 + 0.2476x25 + 0.0028x990 
-5.22 + 6.178 + 6.19 + 2.772 
-5.22+15.14 
9.92 cm = 9.92x10 = 99 mm 
Y = -5.22 + 0.1626x33 + 0.2476x24 + 0.0028x970 
-5.22 + 5.365 + 5.942 + 2.716 
-5.22+14.023 
8.80 cm = 8.8x10 = 88 mm 
September 
Y = -5.22 + 0.1626x30 + 0.2476x23 + 0.0028x800 
-5.22 + 4.878 + 5.694 + 2.24 
-5.22 + 12.812 
-7.59 cm = 7.5x10 = 75 mm 
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For period of October to May the regression equation. 
October 
Y = -5.45+ 0.1649X1-0.0054x2+ 0.0061Q 
-5.45 + 0.1649x29 - 0.0054x19 + 0.0061x710 
_5.45+ 4.782-0.102 + 4.33 
-5.55+ 9.112 = 3.56 cm 
3.56x10 = 35 mm 
November 
Y = -5.45 + 0.1649x29-0.0054x10 + 0.0061x640 
-5.45 + 4.782-0.054 + 3.904 
-5.50 + 8.686= 3.18 cm 
3.18x10 = 31 mm 
December 
Y = -5.45 + 0.1649x29-0.0054x8 + 0.0061x540 
-5.45 + 3.462-0.043 + 3.294 
5.49+ 6.756 =1.26 cm 
1.26x10 =12 mm 
January 
Y = -5.45 + 0.1649x19-0.0054x11+0.0061x580 
-5.45 + 3.133-0.059 + 3.538 
-5.51+6.671 
February 
Y 
March 
Y 
April 
Y 
May 
Y 
77 
1.16cm= 1.16x10= 11 mm 
,1 
> ' • 
-5.45 + 0.1649x20 - 0.0054x10 + 0.0061x720 
-5.45 + 3.298-0.054 + 4.392 
-5.50+ 7.69 = 2.18 cm 
2.18x10 = 21 mm 
-5.45 + 0.1649x29 - 0.0054x18 + 0.0061x840 
-5.45 + 4.78-0.097 + 5.124 
-5.54+ 9.906 = 4.26 cm 
4.36x10 = 43 mm 
-5.45 + 0.1649x35 - 0.0054x20 + 0.0061x910 
-5.45 + 5.77-0.108 + 5.51 
•5.55+11.28 = 5.73 cm 
5.73x10 = 57 mm 
-5.45 + 0.1649x39 - 0.0054x26 + 0.0061x1009 
-5.45 + 6.43-0.140 + 6.155 
-5.59+12.585 = 6.99 cm 
6.99x10 = 69 mm 
78 
1999: 
The regression equation (developed by Murthy et al.) for period June to 
September has been followed for calculation. 
June 
Y = -5.22+ 0.1626x1 +0.2476x2+ 0.0028Q 
-5.22 + 0.1626x40 + 0.2476x26 + 0.0028x1007 
-5.22 + 6.504 + 6.437 + 2.819 
-5.22+15.76 =10.54 cm 
1054x10 =105 mm 
July 
Y = -6.22 + 0.1626x35 + 0.2476x26 + 0.0028x990 
-5.22 + 5.691+6.437 + 2.772 
-5.22+14.9 = 9.68 cm 
9.68x10 = 96 mm 
August 
Y = -5.22 + 0.1626x30 + 0.2476x25 + 0.0028x970 
-5.22 + 4.878 + 6.19 + 2.716 
-5.22+13.784 = 8.564 cm 
8.56x10 = 85 mm 
September 
Y = -5.22 + 0.1626x32 + 0.2476x23 + 0.0028x800 
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-5.22 + 5.20 + 5.69 + 2.24 
-5.22+13.133 = 7.91 cm 
7.91x10 = 79 mm 
For period of October to May the regression equation are followed. 
October 
Y = -5.45 + 0.1649x30-0.0054x21+0.0061x710 
-5.45 + 4.947-0.113+4.331 
-5.56 + 9.278 = 3.71 cm 
3.71x10 = 37 mm 
November 
Y = -5.45 + 0.1649x28 - 0.0054x10 + 0.0061x640 
-5.45 + 4.617-0.054 + 3.904 
-5.45+ 8.521 =3.07 cm 
3.07x10 = 30 mm 
December 
Y = -5.45 + 0.1649x20-0.0054x7 + 0.0061x540 
-5.45 + 3.298-0.037 + 3.294 
-5.48 + 6.592 = 1.11 cm 
l . l l x l O = l l m m 
January 
Y = -5.45 + 0.1649x18 - 0.0054x8 + 0.0061x580 
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February 
Y 
March 
Y 
April 
Y 
May 
Y 
•5.45 + 2.986-0.043 + 3.538 
5.49 + 6.506 = 1.01 cm 
1.01x10= 10 mm 
-5.45 + 0.1649x19-0.0054x10 + 0.0061x720 
-5.45+ 3.133 +-0.054+ 4.392 
-5.50+ 7.525 = 2.02 cm 
2.02x10 = 20 mm 
-5.45 + 0.1649x34 - 0.0054x20 + 0.0061x840 
-5.45 + 5.60-0.108 + 5.124 
-5.55-10.730 = 5.18 cm 
5.18x10 = 51 mm 
-5.45 + 0.1649x35 - 0.0054x27 + 0.0061x910 
-5.45 + 5.771-0.145 + 5.551 
-5.59+11.332 = 5.73 cm 
5.73x10 = 57 mm 
•5.45 + 0.1649x39 - 0.0054x26 + 0.0061x1009 
-5.45 + 6.431 -0.145 + 6.155 
81 
-5.59+12.586 = 6.99 cm 
6.99x10 = 69 mm 
2000: 
The regression equation developed by Murthy et al. for period of June to 
September has been followed. 
June 
Y = -5.22 + 0.1626x39 + 0.2476x27 + 0.0028x1007 
-5.22 + 6.341+6.68 + 2.819 
-5.22+ 15.840 =10.62 cm 
10.62x10 =106 m m 
July 
Y = -5.22 + 0.1626x36 + 0.2476x26 + 0.0028x990 
-5.22 + 5.853 + 6.437 + 2.772 
-5.22-15.062 = 9.84 cm 
9.84x10 = 98 nun 
August 
Y = -5.22 + 0.162x35 + 0.2476x26 + 0.0028x970 
-5.22 + 5.69 + 6.437 + 2.716 = 9.62 cm 
9.62x10 = 96 m m 
September 
Y = -5,22 + 0.1626x32 + 0.2476x24 + 0.0028x800 
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-5.22 + 5.203 + 5.942 + 2.24 
-5.22+ 13.385 = 8.16 cm 
8.16x10 = 81 mm 
The regression equation for October to May are followed. 
October 
Y = -5.45 + 0.1649x30-0.0054x20 + 0.0061x710 
-5.45 + 4.947-0.108 + 4.331 
-5.55+ 9.278 ^3.72 cm 
3.72x10 = 37 mm 
November 
Y = -5.45 + 0.1649x27-0.0054x15 + 0.0061x640 
.5.45 + 4.452-0.081+3.904 
-5.53+ 8.356 ^2.82 cm 
2.82x10 = 28 mm 
December 
Y = 05.45 + 0.1649x20-0.0054x10 + 0.0061x540 
-5.45 + 3.298-0.054 + 3.294 
-5 .50-6 .592- 1.08 cm 
1.08x10= 10 mm 
January 
Y = -5.45 + 0.1649x20-0.0054x9 + 0.0061x580 
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-5.45 + 3.298-0.048 + 3.538 
-5.49 + 6.836= 1.34 cm 
1.38x10 =13 mm 
February 
Y = -5.45 + 0.1649x22 - 0.0054x71 + 0.0061x720 
-5.45 + 3.627-0.059 + 4.392 
-5.50 + 8.019 = 2.51 cm 
2.51x10 = 25 mm 
March 
Y = -5.45 + 0.1649x29-0.054x16 + 0.0061x840 
-5.45 + 4.782-0.086 + 5.124 
-5.53+ 9.906 = 4.37 cm 
4.37x10 = 43 mm 
April 
Y -5.45 + 0.1649x36 - 0.0054x21 + 0.0061x910 
-5.45 + 5.936-0.113 + 5.551 
-5.56+11.487 = 5.92 cm 
5.92x10 = 59 mm 
May 
Y -5.45 + 0.1649x40 - 0.0054x28 + 0.061x1009 
-5.45 + 6.596-0.151+6.155 
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5.60+12.751 = 7.15 
7.15x10 = 71 mm 
2001: 
The regression equation developed by Murthy et al. for period of June to 
September has been followed. 
June 
Y = -5.22 + 0.1626 + 0.2476x26 + 0.0028x1007 
-5.22 + 6.829 + 6.437 + 2.819 
-5.22+ 16.085 = 10.86 cm 
10.8x10 =108 mm 
July 
Y = -5.22 + 0.1626x39 + 0.2476x27 + 0.0028x990 
-5.22 + 6.341+6.685 + 2.772 
-5.22-15.798 =10.57 cm 
10.57x10 =105 mm 
August 
Y = -5.22 + 0.1626x32 + 0.2476x26 + 0.0028x970 
-5.22 + 5.203 + 6.437 + 2.716 
-5.22+14.356 = 9.13 cm 
9.13x10 = 91 mm 
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September 
Y = -5.22 + 0.1626x35 + 0.2476x24 + 0.0028x800 
-5.22 + 5.691 + 5.942 + 2.24 
-5.22+13.873 = 8.65 cm 
8.65x10 = 86 mm 
The regression equation developed by Murthy et al. for period of October 
to May has been followed. 
October 
Y = -5.45 + 0.1649x32-0.0054x17 + 0.0061x710 
-5.45 + 5.276-0.918 + 4.331 
-6.36+ 9.607 = 3.24 cm 
3.24xlx = 32mm 
November 
Y = -5.45 + 0.1649x26-0.0054x12 + 0.0061x640 
-5.45 + 4.287-0.064 + 3.904 
-5.51+8.191 =2.68 cm 
2.68x10 = 26 mm 
December 
Y = -5.45 + 0.1649x21-0.0054x10 + 0.0061x540 
-5.45 + 3.462-0.054 + 3.294 
-5.50+ 6.756 =1.25 cm 
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1.25x10= 12 mm 
January 
Y 
February 
Y 
March 
Y 
April 
Y 
•5.45 + 0.1649x20 - 0.0054x8 + 0.0061x580 
-5.45 + 3.298-0.043 + 3.538 
-5.49 + 6.838=^ 1.34 cm 
1.34x10= 13 mm 
-5.45 + 0.1649x23 - 0.0054x12 + 0.0061x720 
-5.45 + 3.792-0.064 + 4.392 
-5.51+8.184 = 2.67 cm 
2.67x10 = 26 m m 
-5.45 + 0.1649x30 - 0.0054x13 + 0.0061x840 
-5.45 + 4.947-0.070 + 5.124 
-5.52 +10.071 =4.55 cm 
4.55x10 = 45 m m 
-5.45 + 0.649x35 - 0.0054x20 + 0.0061x910 
-5.45 + 5.771-0.108 + 5.551 
-5.55+ 11.322= 5.772 cm 
5.772x10 = 57 m m 
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May 
Y = -5.45 + 0.1649x41-0.0054x28 + 0.0061x1009 
-5.45 + 6.760-0.151+6.155 
-5.60+12.915 = 7.31 cm 
7.31x10 = 73 mm 
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GROUNDWATER ASSESSMENT AND BALANCE 
Systematic study of water resources is essential for enabling 
expeditious development and exploitation of available groundwater 
resources. 
In order to ascertain the availability of surplus surface and 
groundwater resources of a basin, water balance studies are of immense 
importance. Water balance is a quantitative statements of the balance 
between the total water gain and loss of a basin for a particular period of 
time. 
Water in the phreatic zone which moves freely under the force of 
gravity is called groundwater. The quantitative changes may be expressed 
as a water balance equation in which the inflow, outflow and changes in 
storage in a period of time are represented by individual components. 
The recharge and draft affecting the groundwater reservoir has 
been worked out as under: 
I - O = ±AS 
Where I = inflow 
O = outflow 
As = change in storage 
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Groundwater inflow - Groundwater outflow = change in groundwater 
storage (Karanth, 1987) 
For drawing up plants for groundwater utilization management and 
conservation, the water balance equations used to measure the total 
estimate of groundwater storage in the study area. Almost two third of the 
study area is water logged due to excessive seepage through the upper 
ganga canal whereas one third area lying in south east and west shows 
decline water table. 
There are various resources of groundwater recharge in the study 
area but the major sources of groundwater recharge are as follows: 
(a) Recharge through rainfall. 
(b) Recharge through irrigation return flow. 
(c) Recharge through canal seepage. 
In the present investigation, water level fluctuation - specific yield 
method is adopted for the evaluation of groundwater recharge. 
Water level fluctuation - specific yield method: 
The total study area = 312 sq.km. 
Average fluctuation in water level over = 0,50 m 2 years period. 
Average specific yield = 15% 
Groundwater Recharge: 
Groundwater Recharge = Area x sp.yield x water level fluctuation 
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= 312 X 0.15 X 0.50 = 23.4 MCM 
Recharge through canal seepage: 
According to Satish Chandra (1983), the following equation is used 
to determine the canal seepage in alluvial region of U.P. 
W = C X 0.005 (B+Df ^ ^ 
where W - Recharge from canal in m /s/km length of unlined channel. 
B - Bed width, in meter 
D - Depth ofwater in meter 
C - A constant, 1.0 for intermittently running and 0.75 for 
constant running canals. 
Groundwater Draft: 
For the calculation of groundwater draft, groundwater withdrawal 
from the state tube-well deep and shallow tube wells were utilized. 
The unit draft for both deep as well as shallow tube-well has been 
taken as estimated by U.P. State groundwater department for the 
evaluation of total groundwater draft (Hassan et al. 1982). 
(1) Draft by deep state tube wells 
Unit draft of state tube wells = 0.175 MCM 
Total number of state tube well = 19 
Total draft = unit draft x No of tube wells 
= 0.175x19 
92 
= 3.32 MCM (1) 
(2) Draft by shallow tube wells 
Unit draft of shallow tube well = 0.0105 MCM 
Total number of tube wells = 1438 
Total draft = 0.0105x1438 
= 15.09 MCM (2) 
Total draft of shallow and deep tube wells 
= 3.32+15.09 
= 18.41 MCM 
Recharge through seepage from upper Ganga canal: 
W = C X 0.005 (B+Df^^ 
= 0.75 X 0.005 (44.16+1.7f^^ 
= 0.75 X 0.005 (45.86f ^ ^ 
= 0.75x0.005x12.976 
= 0.04866 mVs/km 
Total length of canal 26 km. 
Total recharge due to seepage from canal 
= 0.04866x31.10x10-^x26 
= 39.26 MCM 
Recharge through seepage from the distributaries: 
W = C X 0.005 (B+Df^^ 
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= 1.0x0.005(7.2+1.2) 0.67 
= 1.0x0.005(8.4)' 0.67 
= 1.0x0.005x4.16 
= 1.0x0.0208 
= 0.0208 
Total length of distributaries = 59 km. 
Gross annual recharge due to = 0.0208x15.55xlO'^x59 
Seepage from distributaries in total area = 19.08 
Total groundwater recharge through 
canal seepage = 39.26+19.08 
= 58.34 MCM 
Recharge through irrigation return flow: 
Total draft by tube wells = 18.41 MCM 
Infiltration factor 15% 
Groundwater recharge= Total draft x infiltration factor 
= 18.41x0.15 
= 2.761 MCM 
Groundwater recharge through irrigation return flow surface (upper 
ganga canal) 
= 10.50x0.15 
= 1.575 MCM 
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Total recharge through irrigation 
Return flow = a + b + c 
= 23.4+58.34+4.315 
= 86.055 MCM 
Net recharge - 70% of gross recharge has been taken as 
Net recharge = 86.055x0.70 
= 60.23 MCM 
Water balance: 
Net recharge - Total draft = Utilizable resource potential 
60.23-18.41=41.82 
Groundwater balance estimated available for fiiture development in 
study area around Harduaganj Thermal Power Station of Kasimpur of 
Koil Tehsil, Distt. Aligarh. 
1. Gross recharge 
2. Net groundwater recharge 
3. 20 provision for domestic and industrial 
4. 
5. 
6. 
uses 
Net resource available for irrigation 
Groundwater draft as in the irrigation 
Available groundwater resource for 
future development 
86.055 MCM 
60.23 MCM 
= 12.008 MCM 
= 52.81 MCM 
= 18.41 MCM 
= 23.4 MCM 
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Status of groundwater development of the area: 
As the study area is one of the important part of ganga Yamuna 
doab, the plain is rich in water resource and has a great scopes for the 
large scale groundwater development in future. 
The NABARD's norms are used to determine the status of 
groundwater development of the study area. 
Groundwater development 
65% 
65% to 85% 
85% 
Status of groundwater development in 
categories 
white 
grey 
dark 
the study area = Net yearly draft 
Net recoverable recharge 
xlOO 
18041 
xlOO 
60.23 
= 30.56% 
Only 30.56% of groundwater resource in the study area has been 
developed, it falls under white categories of NABARD Norms so there is 
a great scope for large scale groundwater development through medium 
to deep tube well in the study area. 
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HYDRO-CHEMISTRY 
Water is one of our basic natural resources and is the only 
substances on the earth that appears in three distinct forms of matter 
within the normal range of climatic condition. In the recent years, 
groundwater has become the main source of water supply due to ever 
increasing pollution of surface water. Water is a solvent for many salts 
and some types of organic matter. Water is effecting on dissolving salts 
because it has a very high dielectric constant and because its molecules 
tends to combine with ions to form hydrated ions (Freeze et al., 1979). As 
a result of chemical and biochemical interactions between groundwater 
and geological materials through which it flows; and to lesser extent 
because of contributions from the atmosphere and surface water bodies, 
groundwater contains a wide variety of dissolved organic chemical 
constituents in various concentrations. 
During recent years much of emphasis in groundwater 
investigation in industrialized countries has shifted from problem of 
groundwater supply to consideration of groundwater quality. The quality 
of groundwater is an important factor that determines its suitability for 
various purposes. A water quality criterion may be defined as that 
concentration, quality, or intensive measures that, if achieved or 
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maintained will allow and make possible specific water use (McCutcheon 
et al., 1992). Presence of some ions and trace metals beyond permissible 
limit may make water unfit for irrigation, industrial and drinking 
purposes. Therefore, it is necessary to monitor the groundwater quality in 
order to ascertain its suitability for certain uses. Monitoring methods not 
only include the sampling and analysis of groundwater quality, but also 
determines groundwater levels and flow directions, evaluations of wastes 
and other materials contributing to groundwater pollution, movements of 
pollutants in saturated and unsaturated zones etc. 
The successively increasing amounts of chemicals in rivers and 
other water bodies, resulting from enhanced discharged of industrial and 
municipal wastewater has become the major problem affecting water 
quality. As a result of pollution, there is an increasing need to treat water 
before it is suitable for uses as diverse as drinking, irrigation, fish farming 
and recreation, and to treat wastewater before its discharge back into 
water cycle. Drinking water supply represents the most important single 
interaction between water and human health. Drinking water provides the 
focus of much health-based concern because of the potential of drinking 
water supplies to propagate outbreaks of diseases. Suitability of water for 
various purposes is based on chemical and biological character of water. 
The chemical quality of groundwater is the resultant of all processes and 
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reactions, that have acted on the water from the moment it condensed in 
the atmosphere to the time it is charged by a well or spring. Therefore, the 
quality of groundwater varies from place to place, with the changes in the 
depth of water table and from season to season. 
MATERIALS AND METHOD: 
Collection of water sample: The objective of sampling is to collect a 
portion of material small enough in volume to be transported 
conveniently and handled in the laboratory while still accurately 
representing the material being sampled. The sample should be handled 
in such a way that no significant changes in composition occur before the 
tests are made. 
The samples are collected in clean and sterilized bottles. The bottle 
can be sterilized by washing them with HNO3 or sulphuric acid, which 
should be completely removed during washing with distilled water. 
Sample labels are used to prevent sample mis-identification. The sample 
labels include the information like sample number, name of collector, 
date and time and place of collection. In the study area samples were 
collected from open well, hand pipe; tube well, distributaries, canal, small 
drain and effluent of powerhouse. 
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Precautions: There are various factors such as presence of suspended 
matter, the method chosen for its removal and the physical and chemical 
changes brought about by storage or aeration, which affect the analytical 
results. So to avoid the errors in the results, following precaution should 
be made before collecting the sample. 
1. Sample should be collected from wells only after the well has been 
pumped sufficiently to ensure that the sample represents the 
groundwater sources. 
2. When samples are collected from river or streams, it should be 
collected from 50-60 cm below the surface in order to avoid 
surface impurities, 
3. Before collecting the sample from hand pipe, sufficient water 
should be pumped. 
4. Excessive turbulence area should be avoided because of potential 
loss of volatile constituents and of potential presence of toxic 
vapour. 
Special precautions are necessary for samples containing organic 
compounds and trace metals. Because many constituents may be present 
at concentrations of microgram per liter, they may be totally or partially 
lost if proper sampling and procedure are not followed. 
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Preservation of water samples: Complete preservation of water samples 
is practically impossible. Regardless of the nature of the sample, 
complete stability for every-constituents can never be achieved. Sample 
preservation technique only retard chemical and biological changes that 
continue after sample collection. 
To minimize the potential for volatization or biodegradaton 
between sampling and analysis, the sample should be kept as cool as 
possible without freezing. If the immediate analysis is not possible, 
storage at 4°C is recommended for most samples. Presentation method are 
limited to pH control, chemical addition, the use of amber and opaque 
bottles, refrigeration, filtration and freezing. Method of preservation are 
limited and are used to (i) retard hydrolysis of chemical compound (ii) 
retard biological action (iii) reduce volatility of constituents. 
Table-20: Method of preservation for various parameters 
Parameter 
Calcium 
Acidity/Alkalinity 
BOD 
COD 
Colour 
Dissolved oxygen 
Preservation 
Non required 
Refrigeration at 4°C 
Refrigeration at 4°C 
2 ml sulphuric 
acid/liter 
Refrigeration at 4^0 
Determined on site 
Max. Holding period 
7 days 
24 hours 
6 hours 
7 days 
24 hours 
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Chloride 
Fluoride 
Hardness 
Total metal 
PH 
TDS 
Turbidity 
Sulphate 
Sulphide 
Conductivity 
Non required 
Non required 
Non required 
5 ml nitric acid/liter 
Determination on site 
Non required 
Non required 
Refrigeration at 4°C 
2 ml zinc acetate/liter 
Refrigeration at 4°C 
7 days 
7 days 
7 days 
6 months 
7 days 
7 days 
7 days 
7 days 
28 days 
Soil sampling procedure: For the collection of soil sample canvas bag of 
1 leg capacity is generally used. A trenching spade is convenient tool for 
sampling surface soils. Soil should be free of moisture before storing for 
long period of time. To make the soil free of moisture, it should be kept 
in an oven at a temperature of 120°C for ten hours. 
Precautions: Before collecting soil samples, following precaution should 
be taken into account. 
(i) Area where soils showed clear stratification, sample should be 
taken from different layers. 
(ii) In the absence of distinct stratification, sample should be taken to 
depth of 6-7 inches. 
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(iii) Soil sample taken for the determination of salinity and alkalinity 
should composited to deduce the analytical work. 
(iv) Dried soil samples are powdered in centrifugal ball mill and the 
required amount of powder is packed in polythene packs. 
Analytical procedure: The water soil, ash samples were analyzed as per 
the standard methods (APHA 1992 Trivedi and Goel, 1984) in the 
department of Geology, Aligarh Muslim University, Aligarh and Wadia 
Institute of Himalayan Geology, Dehradun. Volumetric methods were 
adopted for determination of major cations and anion except sodium and 
potassium. Sodium and potassium were analysed using flame photometer. 
Hydrogen ion concentration and electrical conductivity were analysed 
immediately after collection of samples with water analysis kit. Atomic 
absorption spectrophotometer, Induced couple plasma, and XRF were 
used for analysis of trace elements of water, soil & ash. 
Hydrogen ion concentration (pH): Hydrogen ion concentration in water 
is the logarithmic reciprocal of their weight, measured in grams per liter 
of water. In other words pH value of water is measure of acidity and 
alkalinity of water and is very important indicator of its quality. 
It influences the growth of plant and soil organism, therefore, it 
affects to a great extent the suitability of water for irrigation. The pH 
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value of water is controlled by the amounts of bicarbonates, carbonates 
and dissolved carbon dioxide. The highest desirable limit for public water 
supply is 7 to 8.5 while max permissible limit is 6.5 to 9.2 (WHO, 1984). 
Low pH gives rise to off taste and promotes corrosion. In general, pH of 
groundwater in the area ranges from 5.8 to 8.8 with an average of 7.36 in 
Postmonsoon (2000) and from 5.8 to 7.8 with an average 6.94 in 
Premonsoon (2001) periods. The pH value of soil and ash ranges from 7.3 
to 8.3 with an average of 7.86 and 6.8 to 7.4 with an average of 7.1 
respectively 
Electrical conductivity: Electrical conductivity is the ability of a 
substance to conduct an electrical current. Electrical conductivity of water 
is directly related to concentration of ionized substance of water. It gives 
an idea about extent of mineralization and is indicative of salinity of 
water. The electrical conductivity with 400 jiS/cm at 25°C is considered 
suitable for human consumption. The value ranges between 200 to 3400 
liS/cm averaging 815.91 |a.S/cm in postmonsoon (2000). In premonsoon 
(2001) it ranges from 100 to 3300 ^S/cm with an average of 697.73 
^S/cm and postmonsoon (2001) 100 fiS/cm to 3000 |LiS/cm with an 
averaging 745 fiS/cm. The EC of soil and ash are between 800 fxs/cm and 
2000 fxS/cm with an average of 1286 i^S/cm and 800 to 1200 i^S/cm with 
an average 960 i^S/cm respectively. 
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Total Dissolved Solids (TDS): Total quantity of chemical constituents 
present in water is called total dissolved solid. TDS is an important 
criteria which measures the suitability of water for irrigation. The 
permissible limit of total dissolved solid prescribed by ICMR, 1975 is 
between 500 to 1500 ppm. The value of TDS ranges from 1200 to 2176 
ppm in postmonsoon (2000) in premonsoon (2001), 65 to 2145 ppm with 
an average 466.59 ppm and during postmonsoon (2001), 64 to 1920 ppm 
with an average 476.8 ppm. A simply but widely used scheme for 
categorizing groundwater based on TDS presented by Devis et al. 1966 
has been given as follows. 
Table-21: Shows classification of water 
Types of water Concentration of TDS (mg/L) 
Freshwater 0-1000 
Brackish water 1000 - 10,000 
Salty water 10,000 - 100,000 
Brine more than 100,000 
Total Hardness: Hardness of water is related to its capacity to produce 
leather from soap. The hardness is caused by the presence of carbonate of 
calcium and magnesium, and chloride and sulphate of calcium and 
magnesium. Water has been classified as hard or soft according to their 
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action on the soap. The less amount of soap is consumed to produce 
leather, softer the water. On the basis of hardness, water is classified as 
follows. 
1. less than 50 ppm 
2. 50 to 100 ppm 
100 to 150 ppm 
4. 150 to 250 ppm 
5. 250 to 350 ppm 
6. more than 350 ppm 
soft 
moderately soft 
slightly hard 
moderately hard 
hard 
excessively hard 
CHLORIDE (CI): 
The most important source of chlorides in the natural fresh waters 
in the discharge of sewage, chlorides ions are the major contribution to 
the salinity of water. Chlorides are highly soluble with most of the 
naturally occurring cations and does not precipitate, sedimented and 
cannot be removed biologically in treatment of the wastes. High 
concentration of chloride in the water is not known to have toxic effect on 
man, through large amount effect corrosively on metal pipes and be 
harmful to plant life. It produces a salty taste at 250-500 ppm level. 
The concentration of the chloride in groundwater in the study area 
ranges from 8.2 to 386.6 ppm in post monsoon (2001), 22.7 to 451.6 ppm 
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in premonsoon (2001) and 14.8 to 115.62 ppm in postmonsoon (2001), 
21.2 to 71 ppm, in postmonsoon (2000), in Premonsoon (2001), 25.6 to 
76.34 ppm and in postmonsoon (2001) data. Concentrations of chloride in 
soil range from 55.2 to 112 ppm and in 42.6 to 82.1 ppm in fly ash. 
W.H.O. (1984) has suggested 200 mg/1 of chloride as desirable 
limit and 600 mg/L as maximum permissible limit in drinking water, 
whereas Indian council of medical research (1975) recommended 200 
mg/L as desirable limit 1000 mg/L as maximum permissible limit. I.S.I. 
(1983) has prescribed highest desirable limit of 250 ppm and maximum 
permissible limit of 1000 ppm in drinking water Fig. (28) shows that in 
major part of area the chloride content is below 250 mg/L, a high 
concentration of chloride gives salty taste to water and large amount 
effect corrosively on metal pipe and be harmful to plant life. The people 
who are not accustomed to high chlorides in water are subjected to 
laxative effect as suggested by Raviprakashhan and Krishna Rao (1989). 
CALCIUM (Ca^ )^: 
Calcium is one of the most important cations present in 
groundwater. The main sources of calcium in groundwater are rain water, 
leaching from fertilizers, soil amendments, weathering of calcium silicate 
minerals and the use of surface water for irrigations. The dissolved CO2 
generally controlled the calcium ions. The maximum desirable limit of 
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calcium is 75 mg/L and maximum permissible limit is 200 mg/L (ISI 
1983, WHO 1984). It has got a high affinity to adsorb on the soil particles 
therefore; the cation exchange equilibria and presence of other cations 
greatly influence its concentration in waters. The calcium content in 
groundwater of the area ranges from 0.8 to 86.2 ppm in postmonsoon 
(2000), 0.8 to 89.78 ppm in Premonsoon (2001) and 19.8 to 70.9 ppm in 
postmonsoon (2001). In surface water, it ranges, in postmonsoon (2000) 
from 20.26 to 69.2 ppm in premonsoon (2001), 24.2 to 70 ppm and in 
postmonsoon (2001), 19.8 to 70.9 ppm. The calcium content in the soil 
and fly ash ranges from 44 to 90.39 ppm and 65.6 to 93.2 ppm 
respectively. Calcium has tendency to get precipitated in the form of 
concentration known as Kankar. During its contact with clay, part of 
calcium may also under go ion-exchange reaction, that may be the reason 
for the depletion of calcium in groundwater. 
Calcium is an essential constituents for human body which requires 
0.7 to 2.0 gm/day. However, large doses are required by pregnant and 
lactating women and growing children. The low content of calcium may 
cause rickets and defective teeth. It is essential for muscular and nervous 
system cardiac functions and in coagulation of blood. 
The higher content is also harmful resulting in the formation of 
kidney and bladder stone and irritation in urinary passage. 
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MAGNESIUM (Mg^^): 
Magnesium is one of tlie most important contributor to hardness of 
water. The concentration of magnesium in groundwater is less then 
calcium possibly due to lesser occurrence of magnesium minerals. The 
chief sources of magnesium are rainwater, weathering of magnesium 
silicate mineral present in the soil and use of surface water for irrigation. 
Like calcium, the concentration of magnesium also depends upon 
exchange equilibria and presence of the ions like sodium. Magnesium is 
supposed to be non-toxic at the concentrations generally met in natural 
waters. High concentration may be cathortic and diuretic (Lehr et al., 
1980) for the initial users but a tolerance is developed in short time. High 
concentration combined with sulphate acts as laxative to humans. 
Concentration as high as 500 ppm impart an unpleasant taste. But Mg 
deficiency causes acute convulsion (Hypomagnesemic tetany) especially 
in cattle. This is observed in grazing animals, which may be associated 
with the use of fertilizers. 
The permissible limit of magnesium for drinking purpose varies 
from 30 to 150 mg/L (WHO 1984), Indian Council of Medical Research 
(I.C.M.R. 1975) has prescribed 50 mg/L as maximum desirable limit and 
100 mg/L as maximum permissible limit. The magnesium content in 
groundwater satisfy the W.H.O. standard for drinking water supply. The 
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content of magnesium in groundwater ranges from 4.1 to 45.9 ppm in 
postmonsoon (2000), 4.14 to 46.78 ppm in premonsoon (2001) and 2.9 to 
20.2 ppm in postmonsoon (2001). Magnesium content in surface water in 
postmonsoon (2000) ranges from 4.1 to 24.9 ppm, in premonsoon (2001) 
from 4.62 to 25.36 ppm and in postmonsoon (2001), 3.2 to 20.2 ppm 
The concentration of magnesium in soil and fly ash varies from 
59.6 to 93.4 ppm and 49,6 to 61.1 ppm respectively. 
Magnesium is an essential nutrient for human body with an 
average adult requirement of 200-300 mg per day. Magnesium deficiency 
is associated with structural functional changes and may cause severe 
diarrhoea, chronic renal failure and protein-caloric malnutrition (WHO, 
1973). 
SODIUM (Na^): 
Sodium is present in nearly all-natural water and its concentration 
in groundwater depends upon hydrogeological condition, industrial 
activities and weathering of rock mineral present in soil. The most 
important water quality aspect of sodium is the possibility of changing 
the permeability of soil. Sodium has a tendency to get adsorbed on the 
clay particles but may effectively be exchanged by calcium and 
magnesium. At lower concentrations there are no adverse effect on the 
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health. According to National Academy of Science (1977), the higher 
concentration of sodium can be related to cardiovascular diseases 
pertaining to circulatory system and in women, Foxemia associated with 
pregnancy. The guideline value of sodium is given as 200 mg/L, which is 
based on taste consideration (WHO 1984). Sodium content in 
groundwater varied from 12 to 390 in postmonsoon (2000) perriod. 
In premonsoon (2001) it varies from 14 to 420 ppm and in 
postmonsoon (2001), it varies from 10 to 350 ppm. The concentration in 
surface water varies. 12 to 210 ppm in Premonsoon (2000), in 
premonsoon (2001), 13 to 240 ppm and in postmonsoon (2001) it varies 
from 10 to 350 ppm 
The concentrations of sodium in soil and fly ash are varied from 
189.2 to 391.6 ppm and 172 to 274 ppm respectively. 
POTASSIUM (K^): 
Potassium is less common cation as compared to sodium in 
groundwater, which may be as a result of reactions with clay minerals. 
The main sources of potassium in the groundwater of the area are use of 
potash fertilizers, weathering of potash silicate minerals and rainwater. 
Potassium in the form of fertilizers is excessively used in the study area 
in order to enhance the yield of crops. On addition to potassium fertilizers 
I l l 
to the soil, the concentration of potassium of soil increases as a result of 
which the equilibrium conditions between the various phases are affected. 
Several factors such as nature of clays, pH, organic matter, and moisture 
content of the soil also control the amount of potassium in the soil. 
Potassium concentration in groundwater were generally low except at 
isolated patches due to intensive fertilization, where leaching of 
potassium salts would have taken place. Analytical results show that the 
concentration of potassium varied from 2 to 320 ppm in postmonsoon 
(2000). In premonsoon 2001 it varied from 1 to 368 ppm, in postmonsoon 
(2001), 1 ppm to 112 ppm. 
In surface water during postmonsoon (2000), it varied from 4 to 68 
ppm, in premonsoon (2001), 1 to 40 ppm and postmonsoon, it varied 
from 1 to 112 ppm. 
The concentration of potassium varied 44 to 90.39 ppm and 44 to 
82 ppm in soil and fly ash respectively. 
Abnormally high content of potassium in groundwater were 
generally restricted to phreatic aquifer water suggesting human and 
animal activities particularly agriculture activities of man causing 
accretion of potassium in groundwater. Potassium stimulated plant 
growth and is more toxic to fish and shell than calcium, magnesium and 
sodium (Brown et al., 1970). Extraction of Potassium in groundwater is 
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neither affected by acid base reaction nor by oxidation-reduction process 
(Lloyd etal., 1985). 
BICARBONATE (HCO 3): 
Bicarbonate is the major anion found in groundwater of the area 
under investigation, main sources of bicarbonate in groundwater include 
carbondioxide present in atmosphere, carbondioxide in soil, leaching 
from carbonaceous rocks and carbondioxide released due bacterial 
oxidation of organic matter. 
CO2 + H2O = H^+ HCO; 
CaCOj + CO2 + HjO = Ca^^ + 2HCO3 
Bicarbonate in groundwater in postmonsoon (2000) varied from 18 
ppm to 350 ppm, in premonsoon (2001) it varied from 26 ppm to 367 and 
in postmonsoon (2001), 20 ppm to 350 ppm. The concentration of 
bicarbonate in surface water of varied from 18 to 220 ppm in 
postmonsoon (2000), in premonsoon (2001), 26 1200 ppm and in 
postmonsoon (2001), it varied from 0 to 350 ppm. 
CARBONATE (CO 3): 
The major sources of carbonate in natural fresh water are limestone 
and dolomite. The concentration of carbonate in groundwater during 
postmonsoon (2000), varied from 18 to 420 ppm, in premonsoon (2001) 
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it varied from 26 to 520 ppm and in postmonsoon (2001) from 22 to 510 
ppm. 
In surface water the concentration of carbonate in postmonsoon 
(2000) varied from 18 to 246 ppm, in premonsoon (2001), 26 to 234 ppm 
and in postmonsoon (2001). 
The concentration of carbonate in soil and fly ash varied from 28.8 
to 69.5 ppm and 29.2 to 54.6 ppm respectively. 
SULPHATE (S04^ ): 
Sulphate is predominant anion present in wide range of 
concentration in natural water. The chief sources of sulphate in 
groundwater are; sulphate minerals in sedimentary rocks, oxidation of 
sulphides from igneous rocks and volcanic emanations, addition of soil 
amendments such as gypsum, pyrites, fertilizers and rain water. 
Sulphate at higher concentration can have laxative effect WHO 
(1984). Sulphate ions when associated with high concentration of 
magnesium and sodium ions acts as a laxative and may cause gastric 
disorders. Sulphate values in drinking water exceeding mg/L impact bitter 
taste and may cause gastro-intestinal irritation and catharsis (Kakar, 
1989). 
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water are usually found in trace amount in natural water therefore, they 
are referred as trace elements. Natural levels of trace elements are 
inherited primarily from the rocks by weathering processes. The natural 
levels of these elements are usually harmless to the organism but the 
pollution due to mining activities industrial effluents, agricultural 
chemicals and fossils fuels have considerably increased their global 
levels. Anthropogenic sources of several metals like copper, iron, lead 
have been reported to exceed the natural fluxes which have resulted in 
continuous build up of these metals in different components of the 
environment (Goel, 1977). 
Most of the metals are essential for the growth of the organism at 
lower concentration, but they are harmful when their concentration 
exceeds beyond certain levels. Elevated levels of trace elements in the 
water can be attributed to both natural and anthropogenic sources. The 
increase in concentration of metals in a localized area reaches sometimes 
to a significantly higher levels and becomes harmful to biological 
population and human beings. Metals ions and their complexes exhibit a 
wide range of toxicity to the organism that ranges from sublethal to lethal 
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depending upon the time of exposure and the prevailing conditions in the 
ambient water. 
Heavy metal dispersion through the drainage basin is generally a 
function of the hydraulic conditions that control different process: (1) 
distribution, according to the particular size and density (2) mixture 
process, where non polluted sediments are added to fluvial system and (3) 
storage and dispersion in the plains, fluvial substratum, lakes, reservoirs 
and estuaries (Foster and Charlsworth 1996). 
Water samples collected from surface and subsurface aquifers 
analysed for trace elements like Zn, Cd, Pb, Cu, Fe, Cr, Ni, Co, V. 
Dispersion of these elements in groundwater of the area, their sources and 
various health hazards are discussed below individually. 
Zinc (Zn): Zinc is an essential elements for plants, animals and man due 
to its important role in the functioning of various enzymes, protein 
synthesis and carbohydrate metabolism (Taylor and Demaye, 1980). It 
plays vital role in the process of cell division and growth and is present in 
highest concentration in the liver. The total zinc content of an adult varies 
from 1.4 to 3.0 gram (Underwood, 1971). 
Zinc in groundwater of the area may be contributed by industrial 
effluents particularly electroplating wastes containing high levels of zinc. 
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In the rural agricultural areas the main sources of zinc pollution are the 
impurities from fertilizer, fungicides and sewage sludge. Sewage sludge 
containing high level of zinc is most extensively used by farmers which 
may be an important source of Zn in groundwater of the area. 
ISI (1983) and WHO (1984) have prescribed zinc concentration of 
5.0 mg/L as the highest desirable limit and 15.0 mg/L as the maximum 
permissible limit in drinking water. Zinc contents in groundwater are 
lesser than the desirable limit. During the last few years, there has been 
remarkable increase in agricultural production in and around Jawan 
block. The major factor in this increase has been the use of high yielding 
varieties of crops. Use of these high yielding varieties along with 
chemical fertilizers in the intensive cropping system can cause depletion 
of micronutrients including zinc in the soils. 
The presence of zinc in deep zones is likely to be from natural 
sources as there are clay beds in the intervening layers which prevent 
effects of local pollution. 
Zinc is very significant element for human health and agriculture. 
Deficiency of zinc may lead to retarded growth, sexual infantilism in 
teenage individuals and impaired wound healing (Underwood, 1971). 
Zinc is relatively non-toxic and concentration of Zinc upto 25 mg/L have 
shown adverse effects (McNeely et al. 1979). Water with high level of 
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zinc has a milky appearance and produces metallic or astringent taste on 
boiling. 
Cadmium (Cd): Cadmium is considered to be an environmentally 
hazardous element because of its high toxicity and greater capability of 
accumulation and retention in the body of organisms including humans. 
Cadmium in nature exists mainly in the form of sulphides. Large quantity 
of cadmium is often found with ores of zinc, copper and lead in the form 
of impurities. The major sources of cadmium on land in the study area are 
effluent of thermal power plant due to burning of coal, copper and nickel 
alloys, nickel cadmium batteries etc. Apart from these, sewage sludge, 
fertilizers and pesticides containing cadmium salt may also be the source 
of cadmium pollution of groundwater in the area. 
Concentrations of cadmium in groundwater and surface water at all 
places are below the detection limit. WHO (1984) has prescribed 
cadmium concentration of 0.01 mg/L as maximum permissible limit for 
water supplies. 
Concentration of cadmium in fly ash around thermal power station 
ranged between 1.0 ppm and 1.6 ppm. 
Cadmium in its ionic form is highly toxic to many organism. The 
metal from the body of the higher organism is not easily excreted. 
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causing an increase in its biological half life time of cadmium which has 
been found to be in the range of 10-30 years (Elarkson, 1975). High 
concentration of cadmium causes adverse effect on human body. 
Cadmium has been associated with hypertension and cardiovascular 
diseases (Schroeder, 1965), and Itai-itai disease which is characterized by 
decalcification of bones. 
Lead (Pb): Lead is a toxic metal and tends to accumulate in the skeletal 
structure of man and animals. Due to solubility control and capacity of 
soil to absorb lead, the concentration of lead in groundwater is usually 
low. Above pH value of 8.0, the solubility of lead is below 0.01 mg/L 
whereas below 7.0 pH, the natural waters may have higher concentration 
of lead (Hem 1970). Main source of lead in water are effluent of power 
plant and burning of coal which spread over study area through fly ash. 
Lead is also released to atmosphere by smelting operation due to which 
soils around these areas contain high concentration of lead, a part of it 
may be leached to the groundwater system causing deterioration of 
groundwater quality. 
In the study area lead concentration in water is generally higher 
than the maximum permissible limit (0.01 mg/L) of WHO (1984) and ISI 
(1983). The concentration of lead in groundwater during Post-monsoon 
(2000), varies from 0.1 mg/L to 1.92 mg/L and 0.16 mg/L to 1.23 mg/L 
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in surface water, in Pre-monsoon (2001), it ranges from 0.1 mg/L to 1.2 
mg/L in groundwater and 0.26 mg/L to 1.7 mg/L in surface water, in 
Post-monsoon (2001), the local contents of groundwater ranges from 0.3 
mg/L to 1.6 mg/L. The lead in the soil from 20.3 mg/L to 32.8 mg/L and 
32.2 mg/L to 56.6 mg/L in fly ash. 
Lead has adverse effect on human health. As a result of ingestion 
of lead, there may be loss of appetite, fatigue irritation, headache and 
vomiting (Stephen 1972). Chisholm (1971) has reported that higher 
contents of lead disrupt the blood enzymes in humans and can induce a 
reduction in haemoglobin. Repeated ingestion of lead has adverse effects 
on blood cells, nervous system. Kidney and may cause brain damage. The 
symptoms of acute lead poisoning as reported by WHO (1984) are 
tiredness, lassitude, slight abdominal discomfort, irritability and anaemia. 
Copper (Cu): Copper is an essential element for plants and humans and 
acts as micronutrient. Natural source of copper (weathering of sulphide 
ores) contributes a quite low concentration in groundwater. Industrial 
effluent, fly ash produced from burning of coal, pumping equipments and 
pesticides are the source of copper in water of the area. 
Copper concentration in groundwater in Post-monsoon (2000) 
ranged between 0.0 mg/L and 9.6 mg/L, in surface water, ranged between 
0.0 mg/L to 2.15 mg/L, in pre-monsoon (2001) it ranged from 0.0 mg/L 
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to 8.02 mg/L in groundwater. In surface water, it ranged between 0.0 
mg/L and 2.0 mg/L and during post-monsoon (2001), it ranged between 
0.5 mg/L and 3.62 mg/L. The concentration of copper in the soil ranged 
from 0.0 mg/L to 472 mg/L and between 0.0 mg/L and 181.1 mg/L in fly 
ash. 
The analytical results show that the overall concentration of copper 
in the area is higher than permissible limits of WHO (1984) and ISI 
(1983). Comparatively high concentrations have been observed in the 
water near thermal power plant and canal indicating effects of effluents 
on groundwater. 
Copper is an essential metal in human metabolism WHO (1973). 
The daily requirement of copper for an adult is 2.0 mg/L (McNeely et al., 
1979). Copper is involved in haemoglobin synthesis, connective tissue 
development and normal functioning of central nervous system. The 
greatest danger of copper toxicity arises when children consumes 
beverage that have been in contact with copper container (Food and Drug 
Administration, 1975). It has been established that copper deficiency is 
linked with anaemia, diarrhoea, demineralization of bone etc. Wilson 
disease has also been associated with abnormal copper metabolism 
(Kakar 1986). 
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Iron (Fe): Iron is mostly a naturally derived metabolic pollutant which 
owes its origin in waters mainly to the sources derived from soil and 
rocks. However, the major anthropogenic sources of iron in groundwater 
of the area are effluents of industries connected with manufacture of iron 
or steel and metal plants. The corrosion of pipes, pumps and other such 
structures can also increase to some extent the concentration of iron in 
groundwater system. 
Iron in groundwater is present in varying concentration during 
post-monsoon (2000) and varied from 0.1 mg/L to 7.67 mg/L and in 
surface water, the concentration ranged between 0.15 mg/L and 6.46 
mg/L and in pre-monsoon (2001) period, the concentration in 
groundwater ranged between 0,0 mg/L and 8.125 mg/L, in surface water 
the concentration varied from 0.25 mg/L to 5.256 mg/L. The 
concentration of iron in soil ranged between 0.0 mg/L to 56.2 mg/L. The 
concentration of iron in fly ash ranged between 0.0 mg/L and 102.66 
mg/L. The overall concentration of iron distributed in all direction of 
thermal power plant indicates that they are more than the permissible 
limit of WHO (1984) and ISI (1983) for drinking water supplies. 
Iron is an important and essential element for human and exists in 
the body in the ionic and non-ionic forms. The presence of iron in 
substantial quantities renders the water unsuitable for food processing. 
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making beverages, dyeing, bleaching, manufacturing ice and many other 
items. Higher concentration of iron in drinking water imparts bitter-sweet 
astringent taste and inky flavour. 
The compulsory or excessive fortification of foods, especially 
breed, has led to objection. These are based on the possibility of iron 
toxicity due to vitamin E deficiency. This vitamin E has been shown to 
reduce the toxicity of iron. 
The iron in normal conditions of the body burden is about 4 gm 
67% of the total body iron is contained in the haemoglobin. 
Manganese (Mn): Manganese, like iron, is also a naturally derived 
metallic pollutant, and resembles with it in many pollutional aspects. The 
important natural sources of manganese are soils, sedimentary and 
metamorphic rocks. The effluents discharged from power plant and steel 
industries are primary sources of manganese in groundwater of the area. 
Utilization of fertilizers in agricultural areas may contribute manganese 
content in water of the study area. Concentration of manganese in 
groundwater is usually low due to geochemical controls. It is adsorbed on 
the clays, organic matter, freshly precipitated hydrated iron oxides, 
silicates etc. water with excessive quantities of decaying matter have 
significant quantities of manganese, since it is plant nutrients and 
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reducing condition keep it in solution. At high pH, it tends to precipitate 
due to its conversion into oxidized form. 
Manganese concentration in surface and subsurface water exceeded 
standard limit of drinking water of WHO (1984) and ISI (1983). The 
manganese concentration in groundwater of study in post-monsoon 
(2000) ranged between 0.0 mg/L and 3.1 mg/L and in surface water, 
ranged from 0.0 mg/L to 3.1 mg/L whereas concentration of manganese 
in pre-monsoon (2001) ranged between 0.0 mg/L and 3.36 mg/L, in 
surface water from 0.0 mg/L to 3.53 mg/L and in post-monsoon (2001), it 
ranged between 0.0 mg/L and 4.2 mg/L. Concentration of manganese in 
the soil ranged between 0.0 mg/L and 24.14 mg/L and between 0.0 mg/L 
and 38.6 mg/L in fly ash. 
Manganese is also an essential element for nutrition of man. It does 
not appear to have toxicological significance in drinking water at the 
quantities generally present in natural waters, however, in some cases 
chronic poisoning by manganese can result by its ingestion manifested in 
progressive deterioration of central nervous system (Dreishbach, 1971). 
Its deficiency may inhibit growth, disrupt the nervous system and 
interface with reproduction function (McNeely et al., 1979). High 
concentration of manganese causes maganism, a disease of central 
nervous system involving psychic and neurological disorders. As a result 
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of this, there may be irritabihty, difficulty in walking, speech 
disturbances etc. 
Chromium (Cr): Chromium is one of the most widely distributed heavy 
metal in the earth crust. It is usually found in two oxidation states i.e. Cr^  
and Cr""^  Cr^ ^ gets easily oxidized to Cr^ ,^ which is more toxic. Trivalent 
form is not present in waters with a pH greater than 5 due to low 
solubility of its hydrated oxide (McNeely, 1979). It is used in 
electroplating, pigments, tanneries, photographic materials, wood 
preservatives and corrosion inhibitors. Several industries use chromate 
for making refractory materials and a number of chromium containing 
materials. All these wide ranging application of chromium may be 
responsible for higher level of chromium in groundwater. Higher level of 
chromium due to pollution from electroplating wastes have been reported 
by Kakar and Bhatnagar (1981, 1983) and Kakar and Janeshvar (1981). 
ISI (1983) has prescribed 0.05 mg/L of chromium as the highest 
desirable limit in drinking water supplies. Concentrations of chromium in 
surface and groundwater are below the detection limit. 
The concentration of chromium in soil and fly ash ranged from 55 
ppm to 147 ppm and 31 ppm to 215 ppm respectively. 
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Toxicity of chromium is greatly dependent upon the hardness of 
water, which works antagonistically with it. Chromium toxicity also 
varies with temperature, pH, oxidation states (i.e. Cr^ ^ and Cr^ )^ and the 
species involved (Goel, 1997). Hexavalent chromium is much more toxic 
than trivalent chromium but it has no nutritional value and may be 
absorbed through the skin and by inhalation and corrosion (U.S. 
Environmental Protection Agency, 1983). Occupational hazards of 
hexavalent chromium cause skin and respiratory disorders and ulceration 
of skin. 
Nickel (Ni): Nickel is not commonly found in natural deposits. The 
solubility of Nickel salt in water is quite low. Due to formation of 
complexes and adsorption on iron and manganese hydroxide during 
percolation, the concentration of Nickel in groundwater is usually low. 
Effluent of electroplating wastes, steel alloy industries, dyes and textiles, 
nickel cadmium batteries and chemical industries are the possible source 
of nickel in groundwater. 
Concentration of Ni at several places were below the detection 
limit. Its concentration in soil and fly ash ranged between the 22.3 ppm 
and 74 ppm and from 28 ppm to 38 ppm respectively. It is difficult to 
critically evaluate the extent of nickel pollution in the study area. 
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High concentration of nickel are harmful health. Contact with 
nickel salts in aqueous solution causes dermatitis and repeated inhalation 
of nickel compound may cause lung cancer (McNeely, 1979). 
In groundwater the plot of Ca^ ^ + mg^^  versus HCO3" fig 37 shows 
most of data fall below the aquiline (1:1) although few approach this line 
and above this line. It suggests that an excess of alkalinity of the water 
have been balanced by alkali (Na^ +K"^ ) while in surface water, most of 
data fall above the aquiline. This suggest that excess of alkaline earth 
elements has been balanced by CI' and S04^'. The plot of (Ca^ '^ +mg '^^ ) 
versus total cation (Tc) shows that the data lie far below the theoretical 
line depicting a increasing contribution of alkalies to the major ion. 
Significantly, increase in alkalies do not corresponds to a simultaneous 
increase in (Cr+S04') suggesting common source for these ions are 
different in the soils (Dutta and Tyagi 1996). Also, the observed excess of 
Na"^  over K"^  is because of the greater resistance of K"^  to weathering and 
its fixation in the formation of clay mineral. The high concentration of CI" 
may be caused by leaching of saline soil residue due to climatic 
conditions (e.g. high rate of evaporation) and anthropogenic activities. 
However groundwater as well as surface water in the area have higher 
ratio (0.50) of (Na^+K^) vs Tc depicting the contribution of cationic via 
weathering and/or soils, to some extent (Sarin and Others 1989; Datta and 
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Tyagi, 1996). The important factor for the deficiency of Ca in the 
groundwater and surface water at the ion exchange process, which 
generally, indicates the excess of alkalies over alkaline earth elements. 
Graphical Methods and Hydrochemical facies: 
An important task in groundwater investigations is compilation and 
presentation of chemical data in a convenient manner for visual 
inspection. For this purpose graphic representation are useful for display, 
comparing analysis and for emphasizing similarities and differences. A 
varieties and graphic technique have been developed for showing 
hydrochemical data. In present study bar, three dimension area diagram, 
scattered diagram and trilinear diagram have been used for presentation 
of result of chemical analysis. 
Hydrochemical facies: 
The diagram presented above are useful for visually describing 
differences in major ion chemistry in groundwater flow system. In order 
to represent water composition in a convenient manner by identifiable 
groups, Back (1961, 1966) and Morgan and Winner (1962) have 
developed the concept of hydrochemical facies. According to Back 
(1961), the term hydrochemical facies is used to describe the bodies of 
groundwater in an aquifer that differ in chemical composition. The facies 
Cations Anions 
Fig. 41. Piper Trilinear diagram showing chemical character of surface and 
groundwater (• - groundwater; o - surface water) (Post-monsoon 2000). 
Cations 
V'a 42 Piper Trilinear diagram showing chemical character of surface and 
groundwater (• - groundwater; o - surface water) (Pre-monsoon 2001). 
80 60 40 
Co 
Cat ions 
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Fig. 43. Piper Trilinear diagram showing chemical character of surface and 
groundwater (• - groundwater; o - surface water) (Post-monsoon 2001). 
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are function of lithology, solution kinetics and flow pattern of the aquifer 
(Back 1966). 
The percent value of cations and anions were plotted on trilinear 
diagram (Fig.41) as suggested by Morgan and Winner (1962) and Back 
(1966) in order to designate hydrochemical facies of the study area. 
Hydrochemical facies are generally distinct zones that cations and 
anions concentrations are described within defined composition 
categories (Ophori and Toth, 1989). Piper diagram (Piper 1953) and 
modified piper diagram (Chadha, 1998) have been used for a suitable 
classification of natural waters and also to study their geochemical 
behaviours. The plot of chemical data on trilinear diagram reveals that the 
majority of groundwater samples are of Na-K-Cl-S04 type followed by 
Na-K-Cl-S04 type followed by Na-K-HCOa type facies. Ca-Mg-HCOj 
and Na-K-Cl-S04 are dominant hydro-chemical facies in surface water. 
In modified Piper diagram, the difference in percentage between 
alkaline earth (Cadmium and Magnesium) and alkali metals (Sdoium and 
Potassium) in terms of percentage reacting values is plotted an x-axis 
while the difference in percentage between weak acidic anions 
(Carbonate and bicarbonate) and strong acidic anions (chloride and 
sulphate) in terms of percentage reacting values is plotted on y-axis. It is 
observed from the figure 44, that majority of the surface and subsurface 
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water samples falls in field-7 indicating alkali metals exceeds alicaline 
earths and strong acids exceeds weak acids. Such water will have salinity 
problem both in irrigation and domestic uses. The field plotting 
represents Ca-Mg-Cl type water. The second dominant field is 8, which 
shows that alkali metals exceed alkaline earths and weak acids exceed 
strong acids. Such water imparts residual sodium carbonate hazards in 
irrigation use and would cause foaming problem in boiler, if used in 
boiler as boiler feed water. This field plotting represents Na-HC03 type 
water. A few samples fall in the field 5 and field 6 indicating temporary 
and permanent hardness respectively for surface and groundwater. 
Gibbs (1970) variation diagram has been used to study the 
mechanism controlling water chemistry. It is observed that the water 
chemistry of the area occupies the field of rock dominance indicating that 
major mechanism controlling water chemistry is the weathering of rocks. 
Water Quality Standard: 
The term standard applies to any definite principle or measure 
established by limiting concentration of constituents in water which 
ensure the safe use of water and safeguard the environment. Polluted 
water is hardly of any use for most purposes. It cannot be utilized for 
drinking because of its inherent health risk. The quality of waters also 
interferes with the aesthetic and economic pursuits of water by affecting 
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the aquatic life. However, the water is not suitable for drinking may be 
good for irrigation, or water unsuitable for irrigation may be quite 
suitable for industrial cooling or fish growth. Thus it can be seen that 
each use of water has its own limits on the degree of pollution it can 
accept. 
Every use of water requires a certain minimum quality of water 
with regards to the presence of dissolved and suspended materials of both 
chemical and biological nature. The interpretation of a chemical, physical 
and biological analysis is highly subjective matter and is not possible to 
have a single water quality criterion that can have universal application. 
Therefore, certain accepted standards have been adopted while 
interpreting the chemical analysis results of water in relation to its use. 
Water quality criteria is considered as specific requirements on which a 
decision or judgement to support a particular use will be based. 
Water quality standard for domestic use: 
In view of direct consumption of water by human beings, the 
domestic water supply is considered to be the most critical use of water. 
Drinking water standards are based on the presence of objectional taste, 
odours, colours and the presence of substances with adverse physiological 
effects, various national and international organizations like Indian 
Council of Medical Research (1975), Indian Standard Institution (1983), 
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Fig. 50. Plot of sodium percent vs. Electrical conductivity (after Wilcox, 1955) 
showing classification of surface and groundwater for irrigation use (• -
groundwater, o - surface water) (Post-monsoon 2000). 
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Fig. 51. Plot of sodium percent vs. Electrical conductivity (after Wilcox, 1955) 
showing classification of surface and groundwater for irrigation use (• -
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World Health Organization (1984, 93) have formulated certain drinking 
water standard. The main objective of these guidelines is to safeguard the 
health of the people and to combat pollution hazards. 
The hydrochemical data of the water samples of the study are 
compared with drinking water standards of World Health Organization 
(1984) and Indian Standard Institution (ISI, 1983). 
Table shows that the concentrations of total hardness, calcium, 
magnesium, sulphate and chlorine are within the permissible limit of 
WHO (1984) and ISI (1983). The value of EC and TDS are higher at 
some places in the study area. Groundwater is therefore, characterized by 
higher extent of salinization. Overall the groundwater is fresh, brackish, 
moderately hard to hard and acidic and alkaline in nature. 
The concentration of certain trace elements like Fe, Cu, Mn are 
reported to have exceeded the drinking water standard of WHO and ISI at 
few places in the area. Trace elements are most harmful and toxic 
pollutants because of non-biodegradable nature and their potential to 
cause adverse effects on human health. 
Water quality standards for irrigation: 
Utilization of groundwater for irrigational purpose depends on 
many factors such as texture and composition of soil, type of crops. 
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climate, irrigational practices and finally chemical quality of 
groundwater. With regards to quality of water for irrigation, the major 
parameters of concern are salinity denoted by dissolved solids and 
conductivity, potentially toxic trace elements and herbicides. Besides the 
presence of sodium is also important parameters, the excess quality of 
which can deteriorate the soils. High value of sodium may also damage 
the sensitive crops because of sodium phototoxicity. 
The suitability of groundwater for agricultural purposes depends on 
the effects of the mineral constituents of the water on both plant and soil. 
Effects of salt on soils causing changes in soil structure, permeability and 
aeration, indirectly affect plant growth. Specific limit of permissible salt, 
concentration of irrigation, water cannot be stated because of the wide 
variations in salinity tolerance among different plants. However various 
irrigational specification have been proposed by different workers, 
organization and agencies, including Kelly et al. (1940), Wilcox (1955), 
Eaton (1940), U.S. Salinity Laboratory Staff (1954), Federal Water 
Pollution Control Federation (1968), Environmental Protection Agency 
(1973), Ayers and Branson (1975) and Ayers and Westcot (1976) for 
evaluating the suitability of water for agricultural purposes. 
In order to evaluate the suitability of groundwater of the study area 
for agriculture uses, relative proportion of sodium to other cations. 
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Sodium and sorption ratio (SAR) and Residual Sodium Carbonate (RSC) 
have been determined and interpreted in light of guidelines proposed by 
above workers and agencies. 
The concentration of sodium is important in classifying irrigation 
water because sodium reacts with soil to reduce its permeability (Todd 
1980). Soils containing a large concentration of sodium render it 
unsuitable for plant growth. The sodium content in water can be denoted 
by percent sodium. 
% Na = (Na+K) 100 / (Ca+Mg+Na+K) 
The value of individual constituents are taken in epm. Sodium ions 
have a tendency to be adsorbed by soil collides. Increase of sodium ion 
content in water beyond 50% replace the ions like Ca+Mg in soil by base 
exchange. Percent sodium up to 50% is acceptable for irrigation use 
above which alkalization steadily increases. This will support little or no 
plant growth. The following classification based on percent sodium and 
electrical conductivity of water for irrigation has been given by Wilcox 
(1955). 
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Table-22: Quality classification of water for irrigation (Wilcox 1955). 
Water class 
Excellent 
Goocl 
Permissible 
Doubtful unsuitable 
%Na 
<20 
20-40 
40-60 
60-80 
EC (|iS/cm) 
<250 
250-750 
750-2000 
2000-3000 
The value of percent sodium against electrical conductivity are 
compared and plotted on Wilcox diagram (Fig.51, 52, 53). The diagram 
reveals that there are wide variation in groundwater quality of the area. 
Sodium adsorption ratio and salinity hazards: 
Suitability of water for agricultural purposes can better be assessed 
by sodium adsorption ratio (SAR) because of its direct relation to the 
adsorption of sodium by soil. It is defined as follows; 
SAR = Na/V(Ca+Mg)/2 
Where the concentration of the constituents are expressed in milli 
equivalent per litre. The quality classification of irrigation water as 
suggested by U.S. salinity laboratory staff is given in Table 20. 
God (1997) has suggested the criteria based on different chemical 
constituents and SAR values for irrigation purpose. 
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TabIe-23: Suitability of water with different constituents for irrigation 
Class of water 
I 
II 
111 
IDS 
(ppm) 
0-700 
7000-
2000 
<2000 
Sulphate 
(ppm) 
0-192 
192-480 
<480 
Chloride 
(ppm) 
0-142 
142-355 
<355 
%Na 
0-60 
60-75 
<75 
EC 
(^S/cm) 
0-750 
750-
2250 
<22-50 
Suitability for 
irrigation 
Excellent to good 
for irrigation. 
Good to injurious 
suitable only with 
permeable soil 
and moderate 
leaching, harmful 
to sensitive crops 
Unfit for 
irrigation 
Table-24: Suitability of water for irrigation with different values for SAR: 
SAR 
0-10 
10-18 
Suitability for irrigation 
Suitable for all types of crops and all types of soils except for those 
crops which are highly sensitive to sodium. 
Suitability for coarse textured or organic soil with good permeability. 
Relatively unsuitable in fine textured soil. 
18-26 Harmful for almost all type of soil. Require good drainage, high 
leaching and gypsum addition. 
>26 Unsuitable for irrigation 
While comparing the data of present investigation with the above 
classification. It is seen that in general the groundwater of the area falls in 
I class of water quality only three samples fall in II class of water quality 
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which is suitable for all types of crops and all types of soil except for 
those which are highly sensitive to sodium. 
The quality of water for irrigation can also be assessed by the 
quantity, Residential Sodium Carbonate (RSC) which is defined as 
follows: 
RSC = (C03""+HC03') - (Ca^"+Mg^^) 
Where the concentration of constituents are expressed in epm Eaton 
(1950) suggested that water having carbonate and bicarbonate ions in 
excess of Ca and Mg will lead to much greater alkali formation than is 
indicated by its SAR thereby decreasing soil permeability. United State 
Salinity Laboratory Staff (1954) observed that in water containing more 
than 2.5 epm of RSC is generally not suitable for irrigation, 1.25 to 2.5 
epm is marginal and that containing less than 1.25 epm is absolutely safe 
for irrigation. Excessive value of RSC causes the soil structure to 
deteriorate as the water and air movement through soil is restricted. 
In the present study RSC values at some place were found negative 
and less than 1.25 epm and at some place between 1.25 to 2.5 epm 
thereby imparting suitable nature of groundwater for irrigation. However, 
in post-monsoon (2000) and pre-monsoon (2001). Periods, fourteen 
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samples show the RSC value more than 205 epm thereby making the 
water unsuitable for irrigation. 
Ayers and Branson (1975) and federal water pollution control 
federation, USA (1968) have proposed tolerance limit of trace elements 
for irrigation (Table 23). While comparing the contents of trace elements 
in water of study area with standard limit, it is found that the 
concentration of trace elements are well within the permissible limit. 
Surface water and sub-surface water in the study area is deficient in zinc 
concentration. 
Table-2S: Trace elements tolerance limit (mg/L) of irrigation water as proposed 
by FW PCF (1968) and Ayers & Branson (1975) 
Trace elements 
Copper 
Iron 
Manganese 
Zinc 
Cadmium 
Lead 
Chromium 
Lithium 
Water use 
Continuous 
0.2 
-
2.0 
5.0 
0.005 
5.0 
5.0 
5.0 
(FW PCF 1968) 
Short term in 
fine textural 
soil 
5.0 
-
5.0 
10.0 
0.05 
10.0 
0.05 
5.0 
Water use (Ayers & Branson, 
1975) 
Continuous 
0.2 
5.0 
0.2 
2.0 
0.01 
5.0 
0.1 
2.5 
Short term in 
fine textural 
soil 
5.0 
15.0 
10.0 
10.0 
0.05 
10.0 
1.0 
2.5 
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As zinc is an essential micronutrient for plants, its deficiency in 
water which is used for irrigation may result in number of plant disease 
like bronzing of lung, rosette of pecan and white bud of maize. 
Table-26: Statistical parameters of water 
Post-monsoon 2000 
PH* 
PH** 
EC* 
EC** 
TDS* 
TDS** 
Ca'^ * 
Ca^ *^* 
Mg^^* 
Mg2+** 
Na^ * 
Na*** 
K^ * 
K^** 
HCO3"* 
HCO3"** 
C03^"* 
Min 
5.8 
6.2 
200 
200 
128 
128 
0.8 
20.26 
4.1 
4.1 
12 
12 
2 
4 
0 
0 
0 
Max. 
8.8 
7.4 
3400 
700 
2176 
448 
86.2 
69.2 
45.9 
33.26 
390 
210 
320 
68 
350 
220 
460 
Average 
7.51 
6.88 
957.58 
390.9 
612.84 
250.18 
31.99 
34.85 
12.35 
14.62 
107.78 
66.54 
41.51 
26.9 
100.36 
53.9 
92.24 
Median 
7.5 
6.8 
800 
300 
512 
192 
33.4 
33.27 
9.6 
15.8 
78 
60 
22 
28 
92 
46 
68 
Mode 
8.1 
6.7 
700 
300 
448 
192 
19.2 
-
7.2 
4.3 
78 
62 
28 
38 
0 
48 
48 
STD 
0.72 
0.33 
616.96 
164.03 
394.85 
104.98 
14.13 
-
8.91 
3.95 
86.56 
54.38 
63.7 
21.95 
82.88 
60.29 
85.08 
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COj^ -** 
S04^-* 
SQ^2-** 
cr* 
C P * 
0 
28.2 
28.2 
18.2 
21.2 
246 
260.4 
239.2 
386.6 
71 
70.54 
94.83 
72.03 
94.71 
38.8 
62 
78 
52.7 
68.9 
28.3 
0 
42.2 
-
48.2 
28.3 
71.62 
60.92 
59.77 
85.93 
19.06 
Groundwater* Surface water** 
Table-27: Statistical parameters of water 
Pre-monsoon 2001 
Min Max. Average Mode Median STD 
PH* 
pH** 
EC* 
EC** 
TDS* 
TDS** 
Ca^ *^ 
Ca^ *^* 24.04 
Mg' 
Mg^^** 
Na** 
4.8 
5.5 
200 
100 
130 
65 
0.8 
4.14 
4.14 
14 
Na^** 13 
K^ * 2 
8.6 
6.9 
3300 
600 
2145 
650 
89.78 
76 
46.78 
25.36 
420 
240 
368 
54 
7.03 
6.527 
842.424 
263.636 
547.27 
234.545 
34.74 
36.92 
13.11 
11.78 
109.81 
64.09 
42.36 
20.27 
7.2 
6.8 
600 
200 
390 
130 
25.65 
34.47 
10.23 
0 
56 
58 
12 
2 
7.2 
6.6 
700 
200 
445 
162.5 
35.26 
34.47 
10.23 
9.01 
86 
52 
16 
16 
0.829 
0.419 
600.105 
150.15 
390.08 
167.905 
15.28 
14.34 
9.20 
7.82 
89.11 
65.43 
76.53 
19.09 
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HC03* 
HCO3" 
** 
COj^'* 
COj^"** 
S04^-* 
SOA^"** 
0 
0 
0 
0 
28.8 
34.2 
367 
208 
520 
234 
274.8 
273.2 
104.09 
54.36 
82.72 
49.63 
98.72 
83.47 
0 
0 
0 
0 
115.2 
41.3 
78 
52 
52 
0 
82.1 
65.5 
99.51 
64.95 
106.15 
81.76 
62.88 
67.44 
Cr* 22.7 451.6 106.65 73.8 73.8 98.28 
CV** 25.6 76.34 42.05 28.4 31.2 18.32 
Groundwater* Surface water** 
Table-28: Statistical parameters of water 
Post-monsoon 2001 
Min Max. Average Median Mode STD 
pH* 5.8 8.2 7.08 7.3 7.5 0.63 
pH** 5.9 7.2 6.52 6.6 - 0.52 
EC* 200 3000 906.66 700 700 679.77 
EC** 100 400 260 300 300 114.01 
448 435.05 
192 72.97 
13.31 
3.52 
3.8 4.32 
TDS* 
TDS** 
Ca^^* 
Ca^^** 
Mg^^* 
128 
64 
19.8 
29.62 
2.9 
1920 
256 
70.9 
38.68 
20.2 
580.26 
166.4 
34.31 
33.3 
6.45 
448 
192 
32.49 
32.89 
5.1 
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Mg2+** 
Na^* 
4.2 
16 
6.2 
350 
5.46 
89.06 
6.1 
15 
6.2 
20 
0.97 
93.27 
Na*** 10 58 23.4 16 - 19.56 
K *^ 1 112 24.4 12 12 28.45 
K *^* 1 12 7 10 10 5.09 
HC03"* 
HC03"** 
COs^"* 
C03^'** 
S04^'* 
S04^'** 
0 
52 
0 
0 
35.8 
28.56 
350 
192 
510 
320 
240.32 
251.15 
96.26 
87.2 
116.46 
49.2 
90.8 
124.91 
40 
65 
75 
0 
78 
6862 
0 
52 
0 
0 
50.6 
-
111.22 
59.37 
133.76 
96.14 
109.03 
50.43 
Cr* 14.8 285.8 60.63 50.6 30.6 66.06 
Cr** 15.62 65.62 32.46 2042 - 20.83 
Groundwater* Surface water** 
Relationship among water quality parameters: 
Water is the most abundant essential component and is a universal 
solvent. Because of unabated increase in the deterioration of surface 
water quality, groundwater is probably the most important component of 
the total water system for human consumption. Correlation among water 
quality parameters facilitate the task of rapid monitoring of water quality 
(Tiwari and AH, 1988; Kumar et al., 1994) Jain and Sharma (1997) and 
Rao and Rao (1994) have calculated correlation coefficient in order to 
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ascertain the relationship among water quaUty parameters of 
groundwater. 
In present study correlation coefficient among various chemical 
variables have been calculated for monitoring the groundwater quality of 
the area. The highest positive correlation (1.00) in post-monsoon (2001) 
and in (2000) and pre-monsoon (2001), the value is found to be 0.97 
between electrical conductivity and total dissolved solids which indicate 
electrical conductivity in water of this region is due to dissolved solids. 
The correlation coefficient of electrical conductivity and pH with sodium, 
potassium, calcium, magnesium, chloride, carbonate, bicarbonate and 
sulphate show positive relationship. The negative relationship between 
sodium with chloride and carbonate indicates that hardness is not due 
sodium chloride or sodium carbonate but positive relationship between 
sodium with bicarbonate and sulphate indicate probably hardness is due 
to sodium bicarbonate or sodium sulphate. The correlation coefficient of 
potassium with calcium, chloride, carbonate, sulphate, magnesium and 
bicarbonate are negative. 
The relationship of calcium with magnesium and chloride is 
positive and with carbonate, bicarbonate, sulphate is negative. The 
coefficient of magnesium with bicarbonate and sulphate is positive and 
with chloride and carbonate is negative. 
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In order to study the relationship of major chemical constituents 
with electrical conductivity (salinity), the entire chemical analysis data 
have been summarized in the form of value of major constituents in 
different E.G. ranges. The changes occurring in the values of various 
chemical constituents with respect to electrical conductivity in water of 
the region are depicted. 
VERTICAL DIFFERENCES IN WATER QUALITY: 
Differences in vertical variation in water quality parameters are 
influenced by the soil profile and can complicate investigation of water 
quality by necessitating parameter measurements at depth. Statements of 
how criterion concentration, vary with surface water to subsurface water 
in an aquifer are usually based on simultaneous measurement at a depth. 
This would require depth integration samples. In this investigation, the 
surface water and sub-surface water were considered as a proxy for the 
relative depth of sampling. 
The concentrations of major ions and trace elements were studied 
to identify the possible relationship with surface to subsurface water. The 
values of various major chemical constituents in surface and subsurface 
water. The diagram reveals that the concentration of chemical 
constituents except calcium, sodium and are less in shallow aquifer as 
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compared to surface water thereby indicating somewhat decreasing trend 
with increasing depth. This is general agreement with finding of Spalding 
and Exner (1980) in Nebrasko in gravelly, unconfined aquifers, USA. 
Where ground water quality improved with depth. 
Higher concentration of hardness at a depth may be due to the 
presence of calcium and magnesium, ions in a comparatively large 
proportion samples collected from subsurface aquifer are characterized by 
higher content of heavy metals as compared to surface water which may 
be due to fact that power plant are discharging the effluents directly 
without any treatment in unlined drainage and open field. 
Spatial variation in water quality and soil: 
The physical and chemical heterogeneity, permeability, thickness 
of layers and in sediments mineral composition, are the main factor for 
spatial variation in groundwater quality. Other factors responsible for 
spatial variations are infiltration, water composition and quantity of 
water. These are caused by variations in precipitation, forming practices 
and local variation at the land surface in terms of pounding, woody 
vegetation and water movement in Macropores (Bjeig and Christensen, 
1992). 
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The results of trace elements analysis of water and soil samples and 
trace elements profiles of water and soil samples show that a wide spatial 
variation may be due to physical chemical heterogeneity in hydrology of 
the area and in sediment mineral composition. It is evident that the 
elements concentrations in the water samples are much lower than those 
recorded in soil samples. The most dominate metals recorded in soil and 
water is copper and zinc respectively. 
Water profiles of trace element do not show any distinct trend. 
Maximum concentration of Fe (8.125 mg/L) has been recorded in 
groundwater at sampling station 43 about 20 km away from ash disposal 
site, whereas maximum concentration of Cu (9.5 mg/L) has been 
observed in surface water at sampling site. Relatively higher values of 
Mn in groundwater were observed near ash disposal site which is about 
2.5 km northeast of thermal power plant. These varied levels of trace 
elements contents of water may be due to not only be basement lithology 
and ash flow or surface water draining the ash disposal site but also by 
dust emission from the disposal site and subsequent deposition from these 
emission to distant places. 
No distinct trend is apparent from the soil profiles except an 
increase in Cu concentration towards ash disposal site and upper Ganga 
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canal. Copper content of soil ranged from below the detection limit to a 
maximum of 472 mg/L recorded at sampling site 4 about 8 km away from 
ash disposal site. Concentration iron in soil varied widely from below the 
detection limit to 56.29 mg/L recorded near thermal power plant. Possible 
source of Fe, Zn, Pb, Mn and Cu in soil apart from basement lithology 
may be due to solid wastes of the thermal power plant. 
Sa 
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SUMMARY AND CONCLUSION 
Water is the most valuable intake necessary for the survival of life 
on earth. India has about 16% of the world population but only 4% of 
average annual runoff in the rivers of plant. The utilizable annual water 
resource of India comes to 69.0 million hectare metre (m ham) from 
surface and 43.2 (m ham) from groundwater resources or a total of 112.2 
m ham per year. Because of rapid rise in population, industrial and 
agricultural growth, the demand of water has been increased many fold. 
With growth of science and technology, new type of industries comes 
with new materials to make our life more comfortable, but at the same 
time pollute the surface and groundwater unless appropriate preventive 
measures are taken. 
As the groundwater system is the sole source for public water 
supply and there are no immediate realistic alternative source, systematic 
hydrogeochemical survey of groundwater has been carried out to study 
the aquifer system, extent of groundwater pollution, and water quality 
status in parts of kali-sengar river sub-basin. 
Physiographically, the study area by and large is flat and forms a 
part of Ganga Yamuna Doab. The average elevation of the area is about 
187 m. The general slop of land surface is southwards. The area is 
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divided into three district unit viz. kali khaddar, eastern upland and 
central depression. 
Tiiere is a narrow strip of khaddar, comprising loam to sandy loam, 
merges into a rich tract to loam fully irrigated extended upto westward 
upper Ganga canal, patches of sandy soil are common in tract of eastern 
upland locally known as Bher having a general slop 0.28 m/km. A broad 
depression towards the western side of upper Ganga canal continuing 
from NW to SE roughly bounded by upper Ganga canal one side and 
G.T. road on other side. 
Being agriculturally rich, the study area covers the total area of 
31118 hectares, nearly 70% of area used for cultivation purpose of which 
nearly 75% of area is sown more than once about 64.52%) of the area 
irrigated through groundwater source and remaining through canals. 
The area fall under the subtropical climatic zone with extremes in 
summer and winter. The mercury shoot up to 40°C or even more during 
May of every and drops to below TC during Jan. The average annual 
rainfall 64 mm. About 80%o of total rainfall occurs in months of July and 
August. The coefficient of variation in the sub basin is 62.54%) and 
standard deviation is 475.29. The average evapotranspiration in six year 
is 55 mm. 
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The Ganga basin of Indogangatic plain form tiie largest 
groundwater reservoir in India, considered to be form as result of 
continent-continent collision between Indian and Asian plates. 
The order comprises of Bundelkhand Granite as the basement 
complex which unconformably overlain by the rocks of upper vindhyan 
and further quaternary alluvium. The alluvium consists of alternate beds 
of sand, clay, silt and gravel with occasional occurrence of kankar 
(calcareous nodules). The beds below the unconformity indicates seismic 
velocity ranging from 4000-5000 m/sec, and from well data it has been 
established that the formations are of the vindhyan period. These 
formations are dipping in various directions and terminate sharply against 
the unconformity zone. The rocks are considerably folded and faulted; 
several typical anticlinal structure and domes and synclines have been 
mapped by seismic surveys. Thickness of the vindhyan formations varies 
considerably, and the Archean basement below the vindhyan, has 
appreciable unevenness due to faulting. 
Thermal power plant and small-scale industries located in the area 
are discharging their effluent without proper treatment. The major sources 
of groundwater pollution in the area include industrial waste, agricultural 
activities and urban and domestic wastes. The pollutants generated from 
these sources more primarily downward from the surface through 
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unsaturated zone and solute undergoes only a small degree of horizontal 
displacement. As soon as pollutant reaches the unsaturated zone, it 
follows the groundwater flow and spread over a range area in 
groundwater system. 
In general, Aligarh occurs three tiers aquifer system down to depth 
157 m depth below ground level. Hydrogeological cross section along 
line AB and CD of the study area, show two-tier aquifer system down to 
138 m depth below ground level. The aquifer merges with each other and 
behave single, bodied aquifer system about 62% of total formation 
mainly comprises medium to fine grained micaceous sand occasionally 
mixed with coarse sand and gravel in central part. Eastern and southwest 
formation comprises thick clay beds. Groundwater occurs phreatic 
condition at shallow depth whereas at deeper depth, it occurs under semi 
confined to confined condition. In study area water level varies between 
1.3 to 12 m bgl. However shallow water level is recorded close to upper 
Ganga canal. The regional groundwater flow NW to SE direction. 
The water level fluctuation graph indicating different fluctuation 
zones reveals that quantum of seasonal fluctuation in water level varied 
from 0.3 m to 0.9 m in 2000 and from 0.2 m to 0.82 m in 2001. The 
considerable variations in fluctuation in areas close to canal and river is 
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probably due to the constant recharge of the aquifer through seepage 
resulting in the rise of water level. 
Due to excessive withdrawal of groundwater troughs have been 
developed along upper Ganga canal. The formation of mould at places in 
due to large-scale seepage form upper Ganga canal and their 
distributaries. 
The chemical quality of water in parts of Jawan block was taken up 
from the analysis of 44 samples for study to evaluate its suitability for 
irrigation and drinking purpose. In general, water in the area is alkaline to 
acidic in nature and belongs to sodium potassium chloride sulphate 
followed by sodium potassium bicarbonate followed by potassium 
chloride sulphate are dominant facies in surface water. 
By modified piper diagram field 7 represents calcium magnesium 
chloride type water and sodium bicarbonate type water. By Gibbs (1970), 
it is observed that water chemistry of the area reflects the field of rock 
dominance indicating that major mechanism controlling the water 
chemistry is weathering of rocks in Himalayan highland. 
The analytical results of major ions show that the surface and 
groundwater at few places is not suitable for domestic user as per the 
WHO (1984) and ISI (1983) standard. The value of EC exceeds the 
permissible limit (1400 fis/cm) prescribed by WHO (1984) for drinking 
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in water samples at sampling site 9, 23, 25, 41. The continuous increase 
in salinity of groundwater makes soil hard and impervious particularly in 
shallow water aquifers region. The ameliorative measures are, therefore, 
required to minimize the salinity and facilitate optimum use of 
groundwater and soil. 
Higher values of sodium ions, exceeding 200 mg/L were recorded 
in groundwater at sampling site 19, 21, 25 and 43 indicating 
anthropogenic source of Na"^  ions. In surface water only one sample 17 
shows concentration of Na"^  higher than 200 mg/L. 
In order to identity the suitability of water for irrigation use, the 
Wilcox (1955) has been used which is based on electrical conductivity 
and sodium percent. A high value of electrical conductivity in water leads 
to formation of saline soil and high sodium concentration leads to 
development of an alkaline soil. Eleven groundwater and two surface 
water samples fall in permissible to doubtful and doubtful to unsuitable 
categories. 
By U.S. salinity diagram, most of the groundwater samples fall in 
the categories C2S and C3S, indicating good to medium type of water. 
Four groundwater samples fall in C3S3 field and one sample each is C4S, 
and C3S3 field indicating high salinity and high alkalinity hazards and 
restricting its suitability for irrigation. 
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The highest value of correlation coefficients is to be 0.97 between 
electrical conductivity and total dissolved solids, which indicate electrical 
conductivity of water of this region is due to dissolved solids. The 
correlation coefficient of E.G. and pH with sodium potassium, calcium, 
magnesium chloride, carbonate, bicarbonate and sulphate show positive 
relationship. The negative relation between sodium with chloride and 
carbonate indicate that hardness is not due to sodium chloride or sodium 
carbonate but positive relationship between sodium with bicarbonate and 
sulphate indicator probably hardness is due to sodium bicarbonate or 
sodium sulphate. The correlation coefficient of potassium with calcium, 
chloride, carbonate, sulphate, magnesium and bicarbonate are negative. In 
order to study the relationship of major chemical constituent with 
electrical conductivity (salinity) the entire chemical data have been 
summarized in the form of value of major constituent in different EC 
ranges. The changes occurring in the value of various chemical 
constituents with respect to electrical conductivity in water of the region 
are depicted. 
Chemical analysis of groundwater as well as surface water for 
heavy metals revealed that toxic element pb is higher than the tolerance 
limit of WHO (1984), ISI (1983) in every sample of water whereas Mn 
contents in groundwater are in sample No. 2, 7, 8, 11, 18, 19, 20, 23, 25, 
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39, 40, 41, 42, 43, 43 of groundwater and in surface water of five samples 
are higher in concentration than WHO (1984). Iron (Fe) element present 
higher limit in sample No. 7, 9, 10, 18, 20, 21, 38, 40, 42, 43, 44 and Cu 
has higher limit in sample No. 7, 14, 15, 38. Almost all samples of 
surface water have higher limit than WHO (1984) and ISI (1983). The 
wide spread practice of dumping raw sewage has made apprehension of 
pollution of groundwater in the area. Abnormally higher levels of trace 
elements were observed at most of place of study area indicating effects 
of effluents on groundwater. 
In general, higher concentrations of chemical constituents were 
observed in surface water as compared to shallow aquifer because fly ash 
acts as a binding material, which reduces the permeability of soil, thereby 
making the soil unfit for agriculture purposes. The trace elements Cu, Zn, 
Fe, Mn, Pb, Co, Ni, Cr, V, Cd have been found in soil and fly ash sample 
and have shown higher tolerance limit compared to WHO (1984) and ISI 
(1983). Spatial variation of major ions and trace elements do not show 
any distinct trend either in water and soil samples. The flow direction of 
winds shift in all direction from time to time which spread all the 
contaminating agent in soil and surface water and finally finds its way to 
groundwater. 
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Groundwater pollution in block Jawan is mainly due to 
indiscriminate disposal of waste of thermal power plant on land and 
surface water channels. Present study has revealed that the groundwater is 
characterized by high content of pollutant as evident from high 
concentration of toxic elements water pollution from thermal power plant 
can be minimized easily if steps have to taken at stage of planning and 
preparation of project by selecting proper site and appropriate technology. 
Keeping in view the declining water level at places due to 
excessive withdrawal and deterioration in groundwater quality it is 
suggested that the measures should be taken for further exploitation and 
exploration of groundwater, continuous monitoring and ameliorative 
measures should be implemented to keep a visit on unjudicious 
exploration and exploitation of groundwater. It is suggested that the 
installing proper waste treatment and disposal of water system, will 
stabilized the ecosystem which may reduce involves reduction in waste 
input and removal, biomass, aeration is the most reliable way to control 
water pollution. Recycling of fly ash can be utilized in making of bricks 
as per the direction of Government of India. 
Re^^i efsef^'enoe^e 
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Table-4: Results of trace elements analysis of water samples (mg/litre). 
(Post-monsoon 2000) 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
\1 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
Location 
Jawan 
N ago la 
Kasimpur (dist. side) 
Kasimpur (canal side) 
Chaupur 
Khushalgarhi 
TalibNagar 
Rampur 
Satha 
Kasimpur Gaon 
Bajidpur 
Bhojpur 
Songra 
Sikandarpur 
Tejpur 
Suriyal 
Chhalesar (distri.) 
Ismailpur 
Memri 
Kanaura 
Mewana 
Kalyanpur (surface) 
Kalyangarhi 
Kazimpur (surface) 
Godha 
Bhawangarhi (surface) 
Palara (distri.) 
Sunamai 
Upper Ganga Canal (Jawan) 
Aurhia (surface) 
Zn 
1.31 
1.91 
0.72 
0.73 
2.65 
1.9 
2.19 
3.42 
1.45 
1.10 
1.0 
0.7 
2.3 
4.16 
2.9 
0.72 
1.5 
1.7 
3.19 
3.1 
2.2 
2.18 
0.2 
0.48 
0.34 
BDL 
0.2 
0.3 
0.43 
1.81 
Fe 
0.89 
1.4 
0.35 
0.526 
0.359 
0.927 
1.78 
0.328 
1.52 
2.62 
1.0 
0.36 
0.326 
0.67 
0.62 
0.82 
0.98 
2.91 
0.82 
2.615 
2.23 
3.15 
0.625 
0.672 
0.728 
1.46 
0.4 
0.1 
0.15 
2.63 
Cu 
0.5 
1.1 
0.3 
0.2 
0.15 
BDL 
9.6 
0.72 
0.3 
0.1 
0.3 
0.3 
0.16 
3.19 
8.6 
0.1 
0.76 
0.1 
0.46 
1.49 
1.20 
1.91 
0.42 
0.75 
1.03 
0.1 
BDL 
BDL 
0.1 
2.15 
Mn 
0.3 
0.69 
BDL 
BDL 
BDL 
0.1 
1.9 
BDL 
0.3 
BDL 
0.15 
0.2 
3.1 
0.9 
0.1 
0.67 
0.1 
0.2 
1.1 
0.82 
0.25 
0.62 
1.2 
BDL 
BDL 
BDL 
0.16 
0.1 
0.1 
3.1 
Pb 
0.67 
0.81 
0.86 
0.67 
0.1 
0.5 
0.1 
0.48 
0.21 
0.34 
0.1 
0.1 
0.78 
0.16 
0.83 
0.15 
0.16 
0.1 
1.6 
1.2 
1.1 
1.1 
0.52 
0.62 
0.32 
0.15 
0.31 
0.21 
0.42 
0.39 
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31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
Barauli 
Upper Ganga Canal (Barauli) 
Kherakhot (surface) 
Gaonri 
Pratappur 
Dumping waste canal 
Meeting point of dumping 
waste and UGC 
Kherupura 
Chherat 
Rathgawan 
Sumerpur 
Piploth 
Gokulpur 
Junglegarhi 
0.82 
6.67 
0.5 
0.2 
1.62 
0.8 
0.92 
0.43 
1.3 
1.62 
1.8 
0.91 
0.36 
0.67 
0.1 
1.523 
3.62 
0.32 
0.23 
6.46 
2.12 
1.82 
0.62 
2.21 
0.51 
3.39 
7.67 
0.68 
0.1 
0.1 
1.27 
0.6 
0.23 
0.82 
1.71 
1.91 
0.71 
0.15 
0.15 
0.62 
0.34 
0.42 
0.1 
0.67 
0.82 
0.1 
0.62 
2.1 
BDL 
BDL 
1.15 
2.01 
0.425 
1.11 
1.2 
0.67 
0.1 
0.81 
0.26 
0.78 
1.92 
1.23 
0.78 
0.88 
0.63 
0.3 
0.1 
0.1 
0.1 
0.61 
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Table-5: Result of trace elements analysis of water sample (mg/litre) 
(Pre-monsoon 2001) 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
U. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
Location 
Jawan 
Nagola 
Kasimpur (dist. 
side) 
Kasimpur (canal 
side) 
Chaupur 
Khushalgarhi 
Talib Nagar 
Rampur 
Satha 
Kasimpur Gaon 
Bajidpur 
Bhojpur 
Songra 
Sikandarpur 
Tejpur 
Suriyal 
Chhalesar 
(distri.) 
Ismailpur 
Memri 
Kanaura 
Mewana 
Kalyanpur 
(surface) 
Kalyangarhi 
Zn 
1.66 
2.09 
0.649 
0.69 
3.005 
2.08 
2.59 
3.59 
1.45 
1.36 
0.92 
0.68 
2.37 
4.59 
2.86 
0.5 
1.045 
1.95 
3.09 
2.91 
2.32 
2.37 
0.18 
Fe 
0.875 
1.375 
0.25 
0.425 
0.45 
0.875 
1.90 
0.313 
1.875 
2.125 
0 
0.275 
0.425 
0.5 
0.625 
0.75 
1.07 
2.625 
0.7 
2.235 
3.0 
2.9 
0.625 
Cu 
0.3 
1.0 
BDL 
DDL 
BDL 
BDL 
8.02 
BDL 
0.5 
BDL 
0.2 
0.2 
BDL 
3.5 
9.5 
0.1 
0.7 
BDL 
0.3 
1.4 
1.0 
2.0 
0.4 
Mn 
0.29 
0.64 
0.19 
0.11 
0.18 
0.16 
1.88 
1.59 
0.14 
BDL 
3.36 
0.14 
0.29 
0.53 
0.41 
0.4 
1.59 
1.6 
1.82 
3.33 
0.52 
0.29 
2.45 
Pb 
0.6 
0.92 
1.02 
0.93 
0.32 
0.40 
0.25 
0.50 
0.62 
0.39 
0.49 
0.20 
0.15 
0.10 
0.91 
0.42 
1.00 
0.25 
0.50 
0.29 
1.20 
1.25 
0.72 
Ni 
3 
12 
7 
0 
0 
8 
5 
0 
Cr 
0 
8 
5 
0 
0 
7 
3 
4 
ppb 
Co 
1 
0 
1 
0 
2 
4 
0 
5 
Cd 
0 
5 
2 
0 
0 
4 
0 
0 
V 
15 
25 
13 
35 
20 
11 
25 
20 
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24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
Kazimpur 
(surface) 
Godha 
Bhawangarhi 
(surface) 
Paiara (distri.) 
Sunamai 
Upper Ganga 
Canal (Jawan) 
Aurhia (surface) 
Barauli 
Upper Ganga 
Canal (Barauli) 
Khudkhera 
(surface) 
Gaonri 
Pratappur 
Dumping waste 
canal 
Meeting point of 
dumping waste 
and UGC 
Kherupura 
Chherat 
Rathgawan 
Sumerpur 
Piploth 
Gokulpur 
Junglegarhi 
0.4 
BDL 
BDL 
0.002 
BDL 
0.365 
1.66 
0.7 
6.27 
0.345 
BDL 
1.5 
0.775 
0.835 
0.345 
1.225 
1.41 
1.5 
1.135 
1.5 
0.98 
0.875 
0.625 
1.3 
0.45 
0.15 
0.25 
2.625 
0.35 
1.875 
3.0 
0.325 
0.626 
5.262 
2.92 
1.785 
0.8 
2.0 
0.55 
3.265 
8.125 
1.275 
0.8 
1.3 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
1.5 
0.6 
0.5 
0.92 
1.62 
2.15 
0.8 
0.3 
0.3 
0.5 
0.6 
0.6 
0.26 
1.53 
3.53 
0.18 
BDL 
BDL 
2.94 
0.26 
0.92 
1.05 
BDL 
0.82 
2.35 
BDL 
BDL 
1.05 
2.18 
0.53 
1.24 
1.24 
0.82 
0.75 
0.49 
0.26 
0.42 
0.36 
0.45 
0.40 
0.23 
0.67 
0.48 
0.82 
0.98 
1.70 
1.67 
0.82 
0.81 
0.70 
0.49 
0.20 
0.20 
0.10 
0 
20 
0 
0 
15 
0 
0 
0 
10 
0 
0 
0 
0 15 
10 0 0 40 
0 0 0 15 
0 0 0 18 
9 0 0 20 
0 4 0 18 
5 3 4 25 
1 0 6 42 
0 0 0 21 
11 3 
0 0 0 10 
0 35 
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Table-6: Results of trace elements analysis of water samples (mg/litre). 
(Post-monsoon 2001) 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Location 
Jawan 
Kasimpur 
Satha 
Kanaura 
Ismailpur 
A.urahia 
Barauli 
Khurdkhera 
Pratappur 
Gokulpur 
Amrauli 
Godha 
Chaupur 
UGC Barauli 
UGC Jawan 
Dumping waste water 
Waste disposal site 
Chherat 
Distri. Near Kasmpur 
Talib Nagar 
Zn 
1.65 
2.35 
4.65 
2.13 
3.19 
1.69 
1.24 
4.12 
1.2 
1.69 
1.28 
1.08 
1.06 
1.8 
2.15 
2.19 
1.26 
1.28 
1.34 
3.16 
Fe 
1.35 
0.5 
1.19 
0.8 
0.6 
1-6 
0.65 
0.58 
3.19 
2.6 
1.0 
0.9 
0.45 
0.35 
0.55 
0.65 
0.85 
0.3 
0.98 
1.6 
Cu 
1.45 
1.25 
1.95 
2.1 
1.2 
0.9 
0.8 
0.5 
0.89 
2.9 
3.19 
3.62 
0.95 
0.67 
0.75 
0.68 
0.58 
0.78 
1.26 
1.50 
Mn 
1.05 
1.09 
2.62 
1.35 
1.62 
0.9 
4.1 
3.8 
DDL 
1.3 
4.2 
1.29 
0.9 
BDL 
0.68 
0.97 
0.86 
2.98 
2.16 
1.16 
Pb 
0.5 
0.6 
0.35 
0.45 
0.47 
0.65 
0.95 
0.30 
1.02 
1.06 
1.3 
0.45 
0.61 
0.59 
0.39 
0.49 
0.62 
1.1 
1.6 
1.1 
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Table 7: Physiochemical parameter and hydrochemical data of soil samples. 
pH EC K Mg Na Ca CO3 HCOj CI SO4 
Khurdkhera 7.3 1100 62 63.2 189.2 79.2 50.2 48.6 59.3 32.3 
Gaonri 7.6 1300 49 68.1 193.6 85.1 49.2 58.2 65.1 75.6 
Jawan 7.8 900 61 71.2 201.3 78.24 58.3 35.4 74.2 72.17 
Sumerpur 8.1 1700 72 75.2 193.39 91.39 60.2 28.3 90.2 78.3 
Kasimpur 7.5 2000 76 81.2 210.4 106.2 61.2 61.1 78.6 68.5 
Tejpur 7.9 1500 59 93.41 213.4 143.31 33.3 18.6 85.3 58.7 
Ismailpur 8.2 1400 44 59.6 262.1 96.32 28.8 15.2 81.6 60.0 
Gokulpur 8.3 1600 75 62.34 279.2 89.23 35.5 25.2 48.9 65.0 
Satha 7.3 900 82 93.29 292 151.2 62.6 23.6 55.2 165.2 
Kazimpur 7.9 800 63 52.1 301.02 79.23 69.5 22.2 75.2 178.3 
Bhagwangarhi 8.2 800 80 61.2 353.2 92.32 59.2 17.5 111.6 212.2 
TalibNagar 7.6 1200 90.39 59.39 391.6 78.62 49.1 15.3 112.2 312.3 
Aurahia 7.8 900 86.2 65.2 301.4 81.2 45.3 11.1 78.1 79.9 
Kalyangarhi 8.1 1700 78.3 63.2 279.32 96.3 42.2 16.2 72.3 85.8 
Kherupura 8.3 1500 82.2 61.13 281.4 86.16 39.3 5.6 68.2 95.5 
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Table 8: Results of trace elements analysis of soil samples. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Cu 
333.8 
309.8 
446.6 
472.6 
75.64 
159.28 
119.28 
n.d. 
177.46 
n.d. 
96.2 
112.6 
117.3 
121.2 
86.5 
Mn 
n.d. 
10.421 
24.14 
2.05 
n.d. 
14.14 
1.81 
n.d. 
n.d. 
n.d. 
21.2 
n.d. 
23.2 
20.2 
20.18 
Fe 
n.d. 
n.d. 
n.d. 
n.d. 
2.66 
2.66 
n.d. 
n.d. 
n.d. 
n.d. 
56.29 
49.2 
19.2 
16.31 
15.21 
Zn 
n.d. 
96.26 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
39.94 
n.d. 
42.21 
56.2 
71.1 
91.2 
69.31 
Pb 
20.3 
23.2 
82.8 
21.0 
20.3 
20.4 
20.5 
21.8 
21.9 
20.5 
18.6 
25.2 
27.6 
31.1 
23.9 
O2 
207 
65 
147 
68 
55 
85 
80 
72 
58 
64 
92 
86 
111 
68 
96 
V 
83 
76 
133 
81 
75 
83 
82 
81 
71 
65 
48 
64 
92 
79 
52 
Co 
11 
9 
21 
9 
7 
10 
10 
9 
7 
5 
6 
11 
15 
18 
20 
Ni 
66.7 
26.8 
7.4 
29.2 
21.5 
34.2 
30.2 
36.9 
23.3 
22.3 
35.6 
42.2 
46.2 
31.5 
29.6 
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Table 9: Physiochemical parameter and chemical data of fly ash samples. 
1. 
2. 
3. 
4. 
5. 
pH 
7.1 
6.9 
7.3 
6.8 
7.4 
EC 
950 
900 
1100 
800 
1200 
Ca 
93.2 
92.6 
65.6 
82.4 
94.1 
Mg 
61.0 
61.1 
50.5 
54.7 
49.6 
Na 
172 
182 
274 
214 
184.2 
K 
82 
62 
44 
49 
51 
CI 
49 
42.6 
82.1 
72.1 
62.4 
CO3 
29.2 
49.6 
44.4 
51.2 
54.6 
HCO3 
39.2 
38.1 
41.4 
29.4 
41.5 
SO4 
86.0 
84.4 
78.3 
92.4 
86.7 
Table 10: Result of trace elements in fly ash samples. 
Cu 
n.d. 
181.1 
130.5 
96.2 
117.2 
Mn 
4.14 
38.6 
32.78 
20.2 
n.d. 
Fe 
n.d. 
102.66 
76.66 
46.2 
92.2 
Zn 
33.6 
n.d. 
44.26 
49.2 
52.6 
Pb 
38.2 
40.2 
32.2 
42.0 
56.6 
Ni 
30 
28 
33 
38 
37 
Cr 
215 
31 
78 
49 
59 
Co 
21 
17 
22 
27 
26 
Cd 
1.0 
1.0 
1.3 
1.6 
1.5 
V 
92 
71 
95 
111 
112 
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Table-ll: Physico-chemical parameters and hydrochemical data of the water samples 
(mM/1) 
(Post-monsoon 2000) 
S.No. Location Ca Mg Na K CI CO3 HCO3 SO4 
0.46 0.42 
0.56 0.40 
1. Jawan 
2. Nagola 
3. Kasimpur (dist. 0-48 0.38 
side) 
4. Kasimpur 0-51 0.30 
(canal side) 
5. Chaupur 0.81 0.29 
6. Khushalgarhi 0-91 0.50 
7. TalibNagar 0.74 0.47 
8. Rampur 0.67 0.39 
9. Satha 0.96 0.19 
10. Kasimpur Gaon 0.94 0.22 
11. Bajidpur 0.58 0.55 
12. Bhojpur 0.53 0.47 
13. Songra 0.88 0.25 
14. Sikandarpur 0.77 0.30 
15. Tejpur 0.84 0.29 
16. Suriyal 0.99 0.25 
17. Chhalesar 1-73 0.66 
(distri.) 
18. Ismailpur 2.16 0.88 
19. Memri 0.89 0.88 
20. Kanaura 1-81 1.57 
21. Mewana 0.91 0.34 
22. Kalyanpur 
(surface) 
23. Kalyangarhi 
24. Kazimpur 
(surface) 
25. Godha 
0.91 0.76 
1.1 0.33 
0.74 0.92 
0.72 1.91 
2.26 0.51 2.08 1.13 0 1.15 
3.39 0.71 2.14 3.5 1.01 1.76 
3.17 0.36 1.94 7.67 5.74 1.34 
4.87 0.55 1.86 3.0 0 0.40 
3.0 0.46 1.31 1.06 2.66 1.21 
3.0 0.30 2.22 0.7 1.34 1.15 
3.13 0.05 1.4 1.53 2.43 1.13 
5.47 0.10 2.05 1.06 2.43 2.71 
1.04 3.07 10.90 1.63 1.51 0.45 
6.04 0.56 2.03 0.76 1.41 0.79 
2.56 0.30 6.21 2.13 1.51 1.04 
3.39 0.30 2.16 1.35 1.01 0.43 
5.13 1.74 3.4 1.03 3.93 0.66 
5.26 0.72 1.66 0.8 1.57 0.53 
0.52 0.82 1.86 1.53 0.79 1.76 
7.30 0.05 2.23 1.27 3.44 0.93 
9.13 0.97 0.80 1.37 0.79 0.71 
2.34 0.56 9.03 1.73 0.59 0.46 
10.26 0.67 1.01 1.53 0.79 0.84 
0.87 1.18 3.11 0.37 0.46 1.08 
12.52 8.20 4.46 0.8 1.51 2.18 
2.09 1.74 1.93 1.1 0.75 0.54 
2.61 4.87 0.74 0.63 0 0.38 
2.61 0.26 0.80 1.13 3.61 0.33 
16.96 0.72 0.91 0 3.44 2.67 
26. Bhawangarhi 
(surface) 
27. Palara (distri.) 
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0.96 0.17 2.26 0.97 2.0 0.8 0 0.29 
0.72 0.22 4.78 0.72 0.81 0.3 0 1.15 
28. Sunamai 0-88 0.74 0.69 0.92 0.51 0 1.04 0.29 
29. Upper Ganga 0.75 1.03 0.52 0.30 0.72 0 0.62 0.49 
Canal (Jawan) 
30. Aurhia 0-84 0.18 0.69 0.20 0.62 0 0.29 0.50 
(surface) 
31. Barauli 0-84 0.32 2.52 0.20 0.64 0.3 3.44 0.81 
32. Upper Ganga 101 0.36 2.69 0.72 0.60 2.46 1.33 0.66 
Canal (Barauli) 
33. Kherakhot 0-58 0.63 2.69 1.49 1.42 4.1 1.01 0.67 
(surface) 
34. Gaonri 0-87 0.59 5.56 0.72 2.24 3.5 2.29 0.50 
35. Pratappur 1-03 0.47 1.30 0.20 1.07 0.8 2.62 0.67 
36. Dumping waste 0-83 0.22 2.78 0.10 1.59 1.03 0.52 0.37 
canal 
37. Meeting point 0-51 0.47 1.56 0.10 0.74 0.63 0.79 2.49 
of dumping 
waste and UGC 
38. Kherupura 0.02 0.35 2.08 0.10 1.35 0.8 1.7 0.47 
39. Chherat 0.86 0.17 6.95 0.26 1.67 1.73 0 0.44 
40. Rathgawan 1-27 0.86 5.47 1.33 1.92 1.03 0 0.68 
41. Sumerpur 0.30 0.55 6.43 3.07 7.95 1.73 1.61 0.40 
42. Piploth 0.61 0.47 3.56 0.26 2.77 0.65 2.98 1.58 
43. Gokulpur 0.48 0.30 12.26 0.67 1.36 3.1 0 0.81 
44. Junglegarhi 0.69 0.43 7.91 0.52 1.49 1.83 1.01 0.50 
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TabIe-12: Physico-chemical parameters and hydrochemicai data of the water samples 
(mM/1) 
(Pre-monsoon 2001) 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
U. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
Location 
Jawan 
Nagola 
Kasimpur (dist. 
side) 
Kasimpur 
(canal side) 
Chaupur 
Khushalgarhi 
Talib Nagar 
Rampur 
Satha 
Kasimpur Gaon 
Bajidpur 
Bhojpur 
Songra 
Sikandarpur 
Tejpur 
Suriyal 
Chhalesar 
(distri.) 
Ismailpur 
Memri 
Kanaura 
Mewana 
Kalyanpur 
(surface) 
Kalyangarhi 
Kazimpur 
(surface) 
Godha 
Ca 
0.52 
0.67 
0.52 
0.58 
1.04 
1.26 
0.86 
0.64 
1.08 
1.03 
0.58 
0.57 
0.9 
0.8 
0.9 
1.02 
1.9 
2.24 
0.9 
1.22 
1.0 
0.92 
1.12 
0.76 
0.72 
Mg 
0.43 
0.43 
0.43 
0.30 
0.32 
0.55 
0.53 
0.43 
0.19 
0.22 
0.59 
0.48 
0.25 
0.35 
0.3 
0.25 
0.69 
0.97 
0.93 
1.62 
0.37 
0.77 
0.37 
0.93 
1.95 
Na 
2.43 
3.74 
3.26 
5.57 
3.22 
3.22 
3.39 
5.91 
1.13 
6.78 
2.96 
3.74 
5.22 
5.47 
0.6 
7.39 
7.43 
2.43 
11.48 
0.86 
13.22 
2.26 
2.61 
2.78 
18.26 
K 
0.49 
0.46 
0.49 
0.62 
0.31 
0.36 
0.15 
0.1 
0.28 
0.15 
0.28 
0.28 
1.85 
0.87 
0.82 
0.05 
1.02 
0.41 
0.36 
0.92 
9.44 
1.38 
6.35 
0.28 
0.36 
CI 
2.07 
2.32 
2.0 
2.0 
1.6 
2.4 
1.6 
2.4 
12.72 
2.07 
6.88 
2.24 
4.07 
2.07 
2.07 
2.32 
1.04 
9.6 
1.12 
3.76 
5.12 
2.15 
0.83 
0.8 
1.03 
CO3 
1.3 
0.87 
8.7 
3.9 
1.3 
0 
1.73 
0 
1.73 
0 
2.6 
1.52 
0 
0 
0 
0 
0 
1.95 
0 
0.43 
0.87 
0 
0.87 
0.87 
0 
HCO3 
0 
0.85 
6.02 
0 
2.98 
1.49 
2.56 
0.85 
2.56 
2.56 
1.7 
1.28 
4.26 
1.76 
0.85 
4.26 
1.06 
0.85 
1.27 
0 
0 
2.13 
0 
3.40 
4.26 
SO4 
1.2 
1.94 
1.40 
0.42 
1.32 
0.3 
1.2 
1.22 
2.86 
0.52 
0.87 
1.10 
0.76 
0.80 
0.52 
1.16 
0.97 
0.45 
0.96 
1.12 
2.46 
0.65 
0.50 
0.36 
2.64 
196 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
Bhawangarhi 
(surface) 
Palara (distri.) 
Sunamai 
Upper Ganga 
Canal (Jawan) 
Aurhia 
(surface) 
Barauli 
Upper Ganga 
Canal (Barauli) 
Kherakhot 
(surface) 
Gaonri 
Pratappur 
Dumping waste 
canal 
Meeting point 
of dumping 
waste and UGC 
Kherupura 
Chherat 
Rathgawan 
Sumerpur 
Piploth 
Gokulpur 
Junglegarhi 
0.98 
0.74 
0.92 
0.8 
0.86 
0.86 
1.12 
0.6 
0.88 
1.08 
0.86 
0.6 
0.02 
0.88 
1.52 
0.34 
0.64 
0.5 
0.82 
0.17 
0.21 
0.76 
1.05 
0.19 
0.32 
0.2 
0.38 
0.63 
0.63 
0.24 
0.55 
0.36 
0.17 
0.99 
0.57 
0.52 
0.31 
0.5 
2.52 
5.04 
0.74 
0.57 
0.78 
2.52 
2.52 
2.00 
5.04 
1.39 
0.78 
0.96 
0.87 
4.17 
5.91 
4.35 
3.30 
11.13 
5.21 
0.82 
0.44 
0.56 
0.05 
0.03 
0.15 
0.41 
1.13 
0.51 
0.13 
0.05 
0.15 
0.05 
0.31 
1.33 
0.38 
0.31 
0.77 
0.41 
2.0 
0.88 
0.64 
0.8 
0.72 
0.72 
0.8 
1.6 
2.4 
1.03 
1.36 
0.88 
1.52 
2.08 
2.64 
9.36 
3.12 
1.6 
1.68 
0.87 
0.43 
0 
0 
0 
0.43 
3.03 
3.90 
3.90 
0.87 
0 
0 
0 
2.16 
1.3 
2.16 
0.87 
3.9 
2.16 
0 
0 
1.27 
0.85 
0.42 
0.83 
0 
0 
0 
3.41 
0.85 
1.06 
1.91 
0 
0 
2.13 
3.40 
0 
0 
0.43 
1.23 
3.81 
0.52 
0.71 
0.9 
0.68 
0.74 
0.61 
0.77 
0.43 
2.85 
0.51 
0.47 
0.71 
0.58 
1.81 
0.86 
0.62 
